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Section 1. 	INTRODUCTION 
1.1 	General 
The present investigation of the sedimentation in the Tay 
Estuary Region has been undertaken to study the processes of erosion, 
transport and deposition in various environments. The recent sedi-
ments are studied to find out their source, and modes of transport and 
deposition by considerable attention to the grain-size frequency distribu-
tions. A number of methods of analysing the results are used and their 
relative advantages in separating sands from different environments 
assessed. Studies of the sedimentary structures are used to decipher 
the processes of transport and environments of deposition. The nature 
of source rocks is deduced from heavy mineral studies and the character 
of transporting medium and the distance of transport are visualised from 
the roundness of grains, grain size, sorting and mineral content. 
1.2 	Description of the area 
The river Tay flows into the sea, after a winding course of about 
180 miles, between Budden Ness and Tentaxnuir point. The total catch-
ment area is approximately ,000 square miles and the nearby River 
Earn draws about 380 square miles. The area under study stretches 
from Perth to Budden Ness, a distance of Z9 miles on the northern side 
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of the river and up to Tentemuir sands in the southern side (fig. 4. 
The greater part of the area lies below 500 ft. level with Ochil Hills 
a363 ft.) in the south-west and Sidlaw Hills (1.35 ft.) to the north. 
The Tay enters the lower reaches of the estuary from the Grampian 
Highlands In a deeply trenched valley with a general south-easterly 
direction representing an earlier river system produced by the regional 
tilting in 	Tertiary times (Macgregor and Macgregor, 1948). The 
bottom topography of the lower eatuarine region is given in figs. 2 & 3 
and the longitudinal section (fig. 4) shows the base of the Rcent and the 
andteite of the Lower Old Red Sandstone series near Dundee. 
1.3 	Lithology 
Fig. 1 gives a lithological sketch map of the area of investigation. 
Most of the lower part of the estuary lies in the Lower Old Red Sandstone 
series with andesitic lavas. Recent marine deposits underly the blown 
sands of Tentsmuir and Barry Links; these marine deposits are also ex-
posed in the Earn valley, the Tay valley around Perth and the northern 
parts of the estuary. Most of the other formations are those of Upper 
Old Red Sandstone series in the west and northern side of the estuary. 
These beds are intruded by the basaltic, doleristic and ande8itic lavas. 
The Carboniferous sandstone and limestone beds are present In the St. 
Andrews region and the Upper Old Red Sandstone series around Cupar 
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and Moine metamorphics with various granitic and gabbroic lntrueives. 
Most of the catchment area lies in this metamorphic region and thus most 
of the material is derived from the Dairadian and Moine horizons. 
1.4 	Environments 
The location of various environments is given in the fig. 5 and 
these are classified on the basis of Twenhofel (1950), and Van Straaten 
(1954). The environments consist of fluvial; estuarine with salt 
marshes, tidal flats and sand banks; dune; and marine with beaches 
or beaches with tidal flats in the littoral zone. The structures and 
sedimentation In various environments are discussed in later sections. 
1.5 	Previous work in the area 
The only previous work on the mine rllogy of the recent sediments 
was done by Davidson (1937) on the concentration of garnet sands in the 
Budden ness region. He reported only the concentration of garnets and 
the source from the garnetiferous mica-schists from the Highlands. 
Jamieson (1865), Bremner (1916, 1939), Gregory (1926), Callender 
(1929), Simpson (1933, 1940) a..A 	 (1 
 9 ) have discussed the 
glaciation and raised beaches in the region. The lithology has been des-
cribed in the various Geological Survey publications and other papers 
(see References). 
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Section 2. SEDIMENTARY STRUCTURES 
2.1 	 Introduction 
Important structures of recent sediments include stratification. 
cross -lamination. ripple- structures and wave marks • The term lamina-
tion is restricted to units smaller than one cm. and larger units are 
termed beds (Payne, 1942; McKee and Weir, 1953). Internal structures 
can be studied by cutting L- and T- shaped sections in various selected 
localities. Undisturbed tray samples were collected during field work 
and some of the samples were impregnated by bakelite and other polyester 
resins to study minor internal structures. 
2.2 	Laminations have been studied in their natural habitat as well 
as by experimental tests (McKee, 1957; Brush, 1958). In the present 
study laminations are classified on the basis of environments as proposed 
by Van Straaten (1954) and McKee (1953). 
2.2.1 	Beach Laminations 
Most of the beach sands are finely lamin a ed and the material 
well sorted in different laminae. The direction of the dip and value 
vary according to its location on the beach. Light and dark-coloured 
laminae are formed due to mineral sorting; 'light-coloured laminae' 
are mostly composed of quartz, felspar, shell-fragments and other 
light-coloured minerals while the 'dark-coloured laminae' are mostly 
composed of heavy minerals like, garnet, hornblende, iron ores, 
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eptdote, zircon etc. The beach laminations are classified into three 
groups and they are 
(I) 	Backehore laminations 
Upper Foreshore laminations. and 
Lower Foreshore laminations. 
Backehore lamination - Laminae of backshore sands have gentle land-
wards dips varying from 1 0 to 50;  the most common dip is 40 . Laminae 
are formed of medium to fine grained sands. The laminations are very 
distinct in this part of the beach due to the higher frequency of dark-
mineral bands. Adjacent light-coloured laminae have different medium 
grain size and sorting from the dark-coloured laminae. There is no 
statistical significant difference in the grain-size parameters between 
the individual light-coloured laminae but the 't' test shows a significant 
difference (P = 0' 02-0'06) between the grain-size parameters of the 
light and dark-coloured laminae. The dark-coloured laminae are better 
sorted and have a smaller mean sie than the adjacent light-coloured 
laminae. 
The thickness of individual lainae range from 1 	to 1cm 
with an average mean value of 8mm. In few cases thin beds of heavy 
mineral concentrates, varying between 1 to 4 c. m. are observed near 
the upper parts of the backshore at the foot of the coastal dunes. The 
average thickness of the dark-coloured laminae is 6mm and 1 c. m. for 
the light-coloured laminae. In this part of the beach the -ercentage of 
dark-coloured laminae usually varies from 5 to 20 but in one section 
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7 
in the Buddenness a much higher value of 27 010 was observed. The 
test does indicate no significant difference In the thickness of laminae 
between the backehore and fcrehore deposits. But the frequency of 
dark laminae shows a significant difference (P = 0. 05) from backahore 
to foreshore sands. The foreshore laminations have a higher frequency 
of dark laminae than the backshote laminations while backehore larnina-
tions are better developed than those in the foreshore. 
Individual laminae can be traced a few meters parallel to the 
coast line but their lateral continuity is much smaller in the direction 
right angles to the coast line. The Individual laminae pinch out or are 
cut off by other laminae along frequent erosion surfaces. Fig. 6 shows 
the relationship between various laminations and large-scale stratifica-
tion. 
Upper Foreshore Lamination - The average thickness of the upper 
foreshore laminae is 6mm in the area and it ranges between 2 to 10 mm. 
The light-co1c -d laminae have an average thickness of 9 mm while 
the dark laminae show a very considerable variation with an average 
thickness of 5 mm. Thin beds of dark-coloured minerals 1 to 6 cm. 
in thickness are frequent In the Buddennesa area. In most of the 
sections the light-coloured laminae dominate over the dark laminae 
but nearer the top of the sections the frequency of dark laminae 
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10 to 35 percent from one part of foreshore to another and are more 
concentrated near the upper and lower edges of the zone. 
In general the laminae have a gentle seaward dip; the values 
range between 11 to So with most of the values nearer 30  (see fig. fl. 
Similar foreshore laminations are observed by Thompson (1937), McKee 
(1957) and ethers. The individual laminae can seldom be traced 
lateraly for more than 5 - 10 meters while the sections normal to the 
shoreline show their terminations In 2 to 4 meters. Thicker laminae 
have slightly coarser grains but the 't' test shows no significant 
difference in the sorting of the adjacent laminae of same compositions. 
The dark laminae are made up of finer and better sorted grains than 
the light-coloured laminae. The dark laminae have a very high 
concentration of heavy minerals, ranging between 67 to 97%, with 
garnet the most predominant mineral. The average grains size of 
the chief minerals decreases in the order; quartz, feispar, hornblende, 
epidote, garnet, ironores, zircon, etc. De Vries (1949) has observed 
similar trends In the mineral size in the beach laminations. The 
observed relationship between the thickness of the unit and the average 
grain size has been shown by various workers, i.e., Pettijoha (199), 
Allen (1962, 1963) etc. 
One notable feature of the beach lamination is the complete 
absence of any appreciable amount of silt/clay fraction (less than 63 
microns. ). Most of the fine suspended material brought by the river 
Tay is either concentrated Inside the estuary or is carried away to 
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the deeper parts of the sea. Unlike the Dutch coasts, the North sea 
in this region does not bring In appreciable amount of fine suspended 
atrial to be deposited. 
Lower Foreshore Lamination * Sediments In this zone are normally 
very much saturated and sections cut In the zone cave in quickly. But 
in some sections steeply dipping laminations (12 0 - 21 ° seaward dip) 
have been observed. These inclinations seem to follow the general 
slope of that part of the beach. The sands are coarse to medium 
grade and relatively poorly sorted than those of the upper foreshore. 
Lamination are irregular and indistinct, poor in dark-mineral laminae 
and have thicker light-coloured laminae. Due to saturation and the 
texture of the light-coloured sands It is normally difficult to distinguish 
between adjacent laminae. 
Laminations and other wave formed structures on a beach 
depend upon the type of beach. The relationship between the value of 
dip of laminations and the slope of the beach profile has been emphasised 
by Martens (1939/1959). Van Straaten (1953) and Doeglas (1955). With 
the change In beach profile due to seasonal tidal variations, different 
modifications in the beach structures take. place i. e., formation and 
modification of larnbations, formations of ripple patterns, appearance 
and disappearance of beach cusps, etc.. Laminae are formed due to 
a complexity of variable, like sediment types and their specific gravity, 

22.1 	 10 
transporting medium and their strength, beach profile and their 
seasonal variations, etc. All these factors are extensively treated 
(e. g. Hantzschel, 1936; Thompson. 1937; etc.). The degree of 
prominence of individual laminae is partly dependent on the deposi-
tional currents and their fluctuations in the region. Slight changes in 
the currents directions and salinity also play an important part in 
the prominence of individual laminae. 
Cross-laminations presumably are produced by currents of 
different strength and orientations. They appear in the change in 
the dip of laminations over an erosion surface. Figs. 5 - 8 show 
the tyes of laminations found in the beach sands. 
2. 2. 2 Coastal Dune Lamination 
Coastal dunes are preent in the Tentamuir and Barry areas. 
The dunes are of baichan type at Barry and of transverse ridge type 
in the Tentexnuir area; the dune classification is on the basis of 
schemes suggested by Hack (1941) and Bagnold (1941). The orienta-
tion of the dunes corresponds to the most frequent wind direction 
according to the data available on the area (fig. 9; see also Landsberg 
1956;). 
The dune laminations are related to the shape and size of the 
dunes. Low-angle laminations are observed in the windward sides 
while higher angle values are obtained in the lee side. In the wind- 
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ward side the laminae dip from 5 0 - 140  while it ranges between 
240 - 340 in the lee side. These variations In the dip values are 
due to the location of the laminae In a particular part of the dune 
(Bagnold. 1937, 1943; McKee, 1945, 1957;). The sets of cross-
laminae are characteristic of the dunes with larger variations in 
the dip values. Ripple lainthae are quite common. Dune laminae 
are thin and not so distinct as that of the beach due to the absence of 
distinctive dark laminae. Individual laminae are 0. 5 mm. to 5.0 mm. 
thick with a mean value of 3.0 mm. Most of the minerals in the 
laminae are light minerals while very thin streaks of dark minerals 
are observed in a few cases . The dark minerals are usually 
concentrated at the lee side of the ripple larrilnae as well as In the 
leeward side of the dunes. There is a complete absence of horizontal 
laminae. individual laminae can seldom be traced more than one or 
two meters. Generally laminae dip In almost all directions on a dune. 
Z. 2. 3 Estuarine Lamination. 
The laminations and other structures found in the estuarine 
environments are divided into three sub-groups corresponding to three 
sub-environments (Van Straaten, 1953; 1959). They are 
Salt Marshes - these are situated just above the mean 
high water level. 
Tidal Flats - this zone extends from the mean high tide 
level to the mean low tide level, and 
2.2. 3 	 12  
(iii) Tidal Channels - these are below the mean low tide 
level with occasional sand banks In 
the channels. (See fig. 10). 
Marsh Lamination - The marsh sediments show regular to irregular 
wavy laminations, at times nodular in nature (fig. 11). The wavy 
nature of the laminae is due to deposition of fine-grained sediment on 
the uneven surfaces of the plants as well as by the variable oscilla-
tory currents. The nodules are formed from small pebbles trapped 
in the halophyte plants during the storm tides and successive mud 
coating around them. A few of the nodules are entirely made up of 
mud with previous dried mud forming the nucleus for later nodules; 
while others are also formed by mud coating around thick pieces of 
roots. Fine-grained sediment is brought in during the storm tides 
and is trapped in the marsh plants and in times is bound together with 
extensive root systems. Marsh sediments are undisturbed by the 
absence of burrowing fauna and there is also a complete absence of 
ripple lamination. 
Marsh sediments are composed of sandy silts and near 
Ballinbreich are seen overlying the boulder-clay deposits (Plate 2). 
The sediment is very dark in colour due to abundance of organic material. 
High values up to 18% organic content were determined from the 
samples in the estuary. The organic content decreases towards the 
tidal channel. In a few cases due to high organic content and silt it 
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was very difficult to distinguish between individual laminae. 
Tidd Flat Lamination - In the tidal flats more regular, sandy 
laminae are observed than the salt marshes. Laminae are ore 
distinct and vary in composition, mean size and sorting. The grain 
size varies from fine sandy silts to very fine silty sands. Thickness 
of Individual laminae range frc I 	1 cm. In the upper parts 
of the tidal flats more silty larina 	ü observed while the frequency 
of sandy laminae increases towards the lower tidal flats. A few thin 
beds of peat - 7 cm. in thickness occur in the upper-middle parts 
of the flats near Bairnerino. Some of the sands bands show ripple 
laminations. Mottled structures resultant from the burrowing 
organisms are present in a few cases in the upper tidal flats (Van 
Straaten, 1954; Moore and Scruton, 1957). 
The deposition of mud laminae takes place mainly in quiet 
waters inside the estuary, in the parts sheltered from strong currents. 
Most of the fine material is deposited at the turn of the tides whei 
current velocity drops below the value at which sediment of 40 microns 
or more is no longer transported (3 mm/sec according to Huistroern). 
Van Straaten and Kuenen (1957) have held the 'settling-lag effect' to 
be responsible for the deposition of fine suspended material in the 
Dutch Tidal flats. Settling-lag is the delay between the moment a 
which a current of decreasing velocity is no longer able to hold a 
particle in suspension and the moment at which this particle reaches 
2.2.3 	 14 
the bottom. The sudden decrease In the current velocity may be due to 
the fanning of the quantity of the river discharge In the estuary and also 
due to the effect of tidal currents which act against the forces of river 
discharge. This 'settling lag' phenomenon postulatesa very delicate 
condition of suspended ld  as U there is too much lag then no material 
would be deposited at all. 
Tidal Channel Lamination 
Normally no study of structures in the tidal channels was 
possible due to the depth of water, but in extreme conditions of low tides 
some sand banks were exposed. The sands of these estu anne banks are 
homogeneous, medium to medium-fine grade, fairly well sorted with 
abundant ripple structures. The types of ripple structures found in these 
sand banks are described in the later pages. Sections cut in these sand 
bodies failed to reveal distinct internal structures, only in one section vague 
'herring-bone type structure was seen in the mega-ripple. Tray samples 
from this locality were later subjected to bakelite impregnations but the 
peels also failed to show any internal structures. Absence of any dark 
laminae makes it very difficult to distinguish any laminations. It is 
possible that X-ray radiographic methods (Hamblin, 1962) may bring out 
structures from these homogeneous looking sands. 
FIG. 12 
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There is a bewildering array of ripple terminology available to 
describe these structures but in the present investigation the terms 
suggested byGilbert (1899), Kindle (1919). Evans (1941, 1949), Van 
Straaten (1953), Tanner (1960), and Allen (1963) are used. The ripples 
are described in terms of size and shape; the mega-ripple tern is used 
to designate ripples with wave lengths of more than one meter. Mega-
ripples and allied mega-structures are described first and then the ininor 
ripple structures. The ripple structures are naturally best developed in 
the sandy part of the area. 
2. 3. 1 	Mega - Structures 
Longitudinal mega-ripples 
To the area east of Tayport, the tidal flats show straight symmet-
rical mega-ripple structures In a very shallow environment. The ripple 
ridges have a symmetrical cross-section and the crests are slightly 
angular (see Plate 3). The wave length varies between 5- ZO metres and 
the amplitude from a few cm. to several dm. The ripple crests are perpen-
dicular to the coast line and are seasonal In nature. They were observed 
in the later half of 1961. but since then they have disappeared. 
The origin of this type of mega-ripples is not yet clear. 	Han- 
tzschel (1936. 1938, 1939), Hulsemann (1955). and Van Straaten (1950, 1951 
1953) have described these structures and Van Straaten has put forward a 
FIG. 13 
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tentative theory on their origin. According to Van Straaten (1951), the 
ripple troughs are formed due to the erosion behind some obstacle. With 
the gradual scouring of several troughs, the areas between form ridges. 
But it seems to be too much to assume regular arrangement of obstacles 
in the currents to give this type of regular arrangement of ripple ridges. 
Probably the wave theory by Vanoni (1941. 1946) may explain the origin 
of these longitudinal structures. The presence of secondary spiral flow 
was observed during the flume experiments; this secondary double spiral 
flow is superimposed on the forward flow which carries the slow moving 
water from bottom up along the sides and out along the top of the centre. 
In the presence of double spiral flow, sediment can easily form symmetrical 
ridges. These spiral flows can be formed by the ebb and flow tidal currents 
on a gently sloping shallow tidal flats. 
Transverse mega-ripples 
Transverse mega-ripples are mostly asymmetrical, have varying 
wave lengths, and are observed usually lying in parallel trains with few bi-
furcating ridges. Mega-ripples of this type are found in different forms at 
various localities in the area (Fig. 13). The ripples observed on the sand 
bank off Balllnbreich and west of Wormit have a varying wave length from 
5 to 15 metres and amplitude from few din, to a metre or two (Plate 4). The 
ripple index of these ripple structures is much higher than that of the longit-
udinal ripples of Tayport sands. The river current is the stronger one as 
the lee-side of the ripples is towards the downstream, the crests of the ripples 
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are well rounded due to the ebb and flow of the tidal currents. Plate 4 
shows these ripples curved upstream near the secondary channels due to 
the stronger force of the tidal currents near the south bank of the Tay. 
Similarly the ripple ridges towards the main river channel are crVred 
slightly downstream due to stronger river flow. The strong river current 
has also affected the rounding of the crests; the crests are not so well 
rounded nearer the main channel as they are towards the secondary 
channels nearer the south bank of the Tay. All the ripples are not fully 
exposed as some are observed clearly in the shallow parts of the ch annels 
In the aerial photographs. No significant change is observed in these 
ripples In the last three years except Blight variations in the ripple 
crests. Mi1ler (1941), Escher (1948), and Van Straaten (19 50) have 
shown the changes which take place in the ripple crests by the "age" of these 
ripple structures. 
Another set of asymmetrical transverse mega-ripples is seen In 
the tidal channel south of Monifieth at low tides (see plate 5A). At this 
locality the westward movement of the tides and waves is stronger than 
inside the estuary and the mega-ripples have steeper sides towards west. 
All these mega-ripples are superposed by other sets of minor ripple struc-
tures. These mega-ripples are seasonal and are best developed in the 
late summer at the cycle of low tides. 
In the Barry Sands, mega-ripples are observed after the spring 
high tides, the wave lengths vary between 1 to 3 metres and amplitude in 
Z. 3. 1 
few dm. The ripple crests are covered by sets of superposed inor 
ripples; the ripple crests run in the N - S direction. The mega- ipjles 
are of a very temporary nature, produced during the extensive reworking 
of the sediment in the Buddennesa area during the cycle of high tides. 
Abert ay Spit, at the mouth of river has an assemblage of mega-
ripples and are produced by the shoreward waves as they have lee-sides 
towards west. The main train of the transverse mega-ripples is in the 
centre of the spit (fig. 5.B), with ripple crests running N-S but due to 
lateral reworking by the waves, they are slightly modified on the sides of 
the spit. The wave length varies from a meter to 5 meters and the ampli-
tudes from few din, to a meter. All these measurements are approxim-
ate as they are calculated from the aerial photographs. The amplitudes 
are directly proportional to the length of the ripples as illustrated by Allen 
(1963), who has also shown the relationship between the ripple amplitudes 
and the depth of water. This is the cause that large scale ripple structures 
are better developed In the deeper waters while in the shallow waters nearer 
the shores, the magnitude of the ripples decreases. 
Similar mega-ripple structures are very common in different 
parts of the world in the tidal flats, estuaries, oil-shore bars, sandy parts of 
seas and rivers. Aerial photographs echograms and flights over the area 
have revealed the presence of these asymmetrical mega-ripples off the coast 
and near the mouth of the Tay. The existence of similar structures over the 
floor of the North Sea and around the British Isles is quite well known 
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(Luders, 1929, 1930; Van Veen 1935, 1938; Cloet, 1954; Stride, 1963 
and Allen, 1963). 
Linguoid Mega Ripples 
Cuspate ripple (McKee, 1957), or linguoid ripples (Bucher, 1919) 
have a tongue Like projection towards the lee-side. Some of the modified 
forms of the transverse mega-ripples with these tongue like projections In 
the area can be termed sen - i-cusp or semi-llnguoid mega- ripples. The 
crest lineft of the ripple is usually curved back in the up-current directions. 
Thus the cusps or the tongue like projections point down current directions. 
The arrangement and the shape of these ripples vary from semi-llnguoid to 
linguoid mega- ripples. These tongue like lobes can be a single lobe or a 
series of lobes (see Plate 7A). 	The struuturea are found in the Abertay 
spit and bar, and also in the Gsa sands off Buddennees. In both these 
areas the structures are formed by the westward waves. The development 
of the structure is related to the intensity and distribution of the currents, 
both wave, as well as tidal. They are beat developed in the central part of 
the Gaa sands. 
In the Abertay spit, the transverse mega-ripples are developed 
best in the middle part of the sands.wlth semi-cuspate forms in the turbulent 
marginal parts. Some of the ripple ridges are well rounded, the wave 
lengths vary between 2 to 6 meters and amplitudes in few dm. The general 
orientation of the ripple trains is Ni- S. but a few minor variations are also 
observed. 
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In the Gsa Bands 1 the linguoid mega-ripples are observed at very 
low tides (Plate 7B). Strong westward currents are indicated by the steeper 
lee-sides towards the shore. The strongest currents are westward with 
another weaker N. N. E. component influencing the ripple trains. The 
ripple structures are piodaced by the main westward waves and slightly 
modified In the breaker zone. The wave lengths and amplitudes are 
different from those of the Abertay sands, but a more characteristic differ-
ence Is In the shape of the composite lobes. Structures similar to these 
linguold ripples have been described by Van Straaten (1953), Hulsemann 
(1955). and Nedeco (1959). 
Mound Structures 
Some of the aerial photographs (Plate 10) show a mound pattern 
not hitherto reported elsewhere. The mounds are rounded to subrounded 
depending on the age of the structures as they are seasonal and are best 
developed in late summer and autumn. The mounds appear in the zones 
with interference wave patterns, the photographs (Plate 14) show clearly 
this pattern in the Buddenness area. The mounds in the Abertay elbow vary 
In size from few dm to a meter and it is difficult to detect any preferred 
trend of the mound crests. The height, strength and direction of tidal 
streams and waves are the main cause of their development. 
In the Buddenness and Gaa sands mound structures are best 
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extensive reworking of the sediment In this part by the Interference of two 
strong wave-sets. In the photographs (Plate ii) the mounds show a rough 
pattern of crests running in N. W. - S. E. directions. The mounds vary 
from 1 to 3 meters in width, they are well rounded in shape and have heights 
up to few din. They disappear after the high tidal cycle and reappear again 
after 6 - 9 months. During these months mega-ripples appear in the zone 
and they are later flattened to give a modulating surface (see Plate 13). 
In the last two years the mounds have shifted slightly in position. In 1963 
they reappeared in the autumn about 30 meters E. N. E. of their position 
in the previous year. 
Sections cut in the mounds show a variable stratification (fig. 14). 
At the lower part of the section regular foreshore beach laminations are 
seen with a gentle seaward dip. These regular laminations can be traced 
from one mound to another for few meters. This regular lamination zone 
is superposed by another zone with irregular lamination having varying dips. 
A few "herring bone' type patterns of Kuenen (1957) are also observed in 
this zone. This type of pattern points to the alternating deposition of 
sediment by the ebb and flood currents. This not of laminations "5 
relatively poorer in dark mineral laminae than those in the underlying tone. 
Nearer the surface, troughs of various shapes and sizes bounded by curved 
erosional surfaces are seen resting on the zone of irregular lamination. 
Scour and fill structures like these are produced by the erosional cutting 




Scour patterns would be formed at the storm periods and the same filled up 
and mounds produced at quieter periods. Under what conditions the mounds 
actually are formed and the role of the wave interference is not yet clear, 
but it seems certain that the mounds are distinctive structures appearing 
because of the superposition of two sets of waves. In the post mound period 
the mound phase cbaneand mega-ripples are produced. These mega 
ripples dd. not sho-w ;3e trough type scour and fill structures but Allen 
(1963) has reported similar structures from a few mega-ripples. 
2. 3. 2 	Minor ripple structures 
Aeolian and aqueous ripple structures with wave lengths less than 
one meter are Included here. All the ripples are asymmetrical with the 
lee-side on the down current side. The following are the different 
varieties of minor ripples observed in the area. They are 
i Common asymmetrical ripples 
ii Superposed ripples 
iii Linguoid ripples 
iv Flat top ripples 
v Rhomboid ripples 	and 
vi Aeolian ripples 
Common asymmetrical ripples 
The crests of the ripples are straight and parallel to each other 
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straight parallel crests with few bifurcations. In a few cases due to 
excessive bifurcation of the ridges irregular ripple patterns are formed. 
Most of these ripples are formed by the shoreward currents,thus they have 
lee-side towards the shore. Some of the ripple, have secondary crests 
developed due to the ebb tides. The ebb tide also leaves some lineation 
marks along with the secondary crests (see Plate 19). The wave lengths 
-vary from 5 to 5 cm and the ripple Index from 3 to 8 (fig. 15). 
These ripples are the commonest ripple structures and are best 
developed In the fore shore parts of the beaches. They are subjected to 
minor modifications and variations due to reworking more in the sballcw.r 
parts of the beach than in the deeper waters. The ripples are observed up 
to 1 meter depth below the mean low tide line and continue in deeper water 
with better development. In a few cases the normal wave-generated ripples 
have another set of ripples formed in their troughs. 
Superposed ripples 
Compound ripple patterns occur frequently in the Buddenness and 
Barry sands. Three different types of superposed patterns are observed, 
In the first case the ripple ridges parallel to each other with the development 
of another ridge on the crest of the primary ripple structure. In the other 
cases ripple ridges are imposed on the earlier set at a very high angle 
(almost at right angles). In one type the primary ripple structures are the 
normal asymmetrical ripples with wave lengths 15 to 30 cm and amplitudes 
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to 5 cm. These are formed by the normal westward waves with the 
smaller secondary ripples with wave length 8 to 15 cm and 5 to .0 mm 
amplitude formed by the later ebbing tides. These secondary superposed 
ripples haveymmetry towards the low tide line. In a few cases the 
secondary ripples have formed cusp like projections due to flowage of the 
saturated sediment. These are best developed in the troughs of the primary 
ripples. Similar ripples patterns are described by Trefethen and Dow 
(1960) from the Californian beaches. 
In the third cases two sets of ripples were observed being formed 
by incoiriing tictes. 	The normal -V riIpies were forrneu by the i:ishre 
at 
waves '. ..ie,witi the 	 tiie,another set oi smaller ripies/,right 
angles to the earlier set were formed in the troughs of the earlier set. 
This almost simultaneous formation of the two high angle sets may point to 
some of the commonly assumed superposed ripples formed almost at the 
same time with a small time lag between their formation. In this locality 
In the Barry sands the interesting correlation of the formation was that the 
inshore waves (northward) were producing one set of ripple train while at 
the same time the westward entry of tidal waters was producing another set 
right angles to the earlier not in their troughs fro: most of the sediment 
picked up from the earlier ripple trains. 
Linguoid ripples 
The cresti of Unguoid ripple is curved and closes in the upcurrent 
side. The shapes vary from a typical cusp to a tongue-like projection; the 
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lee-side inclines away In a radial fashion from the crest. These ripples 
are observed in an e a echelon pattern as noted by Bucher (1919) or one 
lobe overlapping the other (see Plate 22). The essential conditions of the 
formation are variable velocities In stringers without higher flow conditions 
in shallow water conditions. Some are also formed at late stages of the 
ebb (see EVaUB, 1941. 1943). These ripples are common in the various 
sand banks In the estuary (Plate . 3) as well as in the tidal channels on the 
beaches where high flow conditions are achieved by ebbing, ttde. The wave 
length varies between 12 to 20 cm. and amplitudes from 1 to 3 cm., the 
ripple index to much higher (10 to 17) than the common asymmetrical ripples. 
Flat topped ripples 
Three types of flat topped ripples are found in the area. In the 
Barry sands very flat ripples (Plate 20) are developed in the upper foreshore 
region. The wave length varies between 8 to 18 cm. and amplitude from 
5 to 15 mm. These flat ripples are formed on the gentle slope of the beach 
by the low ebb tides as these ripples have lee sides towards the low tide line. 
This type of very flat ripples are not found in any other part of the beaches 
nor have they been reported in the literature. 
Flat topped ripples occur In a few channels running across the 
beaches and also in the shallow tidal pools. These ripples have only the 
tops of the ripple crests flattened while the original ripple structure is of 
normal asymmetrical type. The ripples are flattened due to shallow sheet. 
FIG-16 
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of water flowing back with the backwash on a falling tide. These types of 
flat topped ripples have been described elsewhere by Wegner (1932), Shrock 
(1948). Van Straaten (1953), McKee (1957), and Tanner (1958). 
Rhomboid ripples 
Rhomboid ripple marks are produced in some of the relatively 
steeper parts of the upper foreshore beaches. The rhomboidal pattern 
is produced by the spread of a thin film of water near the awash tone by the 
backwash. The current direction bisects the acute angle of the rhombs. 
The marks are produced by the effect on the backwash of obstructing pebbles 
and shells. The cries-cross rhombic pattern is produced behind. the 
obstacles by the interference of the flow lines (Plate 18B). A few of the 
rhombic marks are formed by the interfering awash patterns but these marks 
are very temporary as they are later destroyed by the backwash. The 
marks are beet developed on a steeper gradient of the beach by the receding 
tides; they are very common structures on most of the beaches (Kindle, 1917; 
Johnson, 1919; Kindle & Bucher, 193; Woodford, 1935; etc.). 
Aeolian ripples 
Aeolian ripples are always asymmetrical with a gentle windward 
slope and a steep leeward slope. These wind ripples are quite frequent on 
the windblown backshore flats and on the coastal dunes. The ripple structures 
are made up of medium to fine sand and thus come under the sand ripple 
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group of Bagnold (1941). Granule ripples are not present in the area 
except in a part of the Barry dunes where a rough tendency towards ripple 
development is seen in the coarse sand and granules. The size of the ripple 
changes very slightly from one part of the area to another, the wave length 
range between 3 to 19 cm. and amplitudes from 5 to 15 mm. This gives a 
much higher value for the ripple index than the aqueous ripples. The mean 
ripple index for these ripples is about 16 which is much higher than the 
aqueous ripples index (Fig. 15) but not actually as large as the 4-6 times 
suggested by Kindle (1917). McKee (1933. 1945), Bagnold (1937, 1941) and 
Sharp (1963) have shown that an index value below 15 does not always indicate 
aqueous origin as large variations are quite frequent. 
The arrangement of ripple trains and their alignment depend on 
the wind direction and the place of the ripples on the dunes. Their direction 
patterns follow the dunee,whith theself accord with wind directions. Usually 
there is a little concentration of heavy minerals near the base of the ripples. 
2.4 	Cusps and other beach structures 
Beach cusps. 
Beach cusps project out from the lower foreshore during the cycle 
of low tides In the Barry sands (Plate 15B); and are composed of medium to 
medium fine sand. The distance between the individual cusps is not constant 
and varies between 5 to 20 meters while the heights range from 2 to 7 thu. 
Sections in the cusps show high angle lower foreshore laminations usually 
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following the general shape and slope of the cusp form. Some cusps have 
highly rippled tops while in most cases smooth ripple free surfaces are 
observed. Cuspate projections are eroded by the awash and the backwash 
deposits the material. 
The cusps are formed under conditions of very delicate adjustment 
of erosion and deposition. Some of the cusps are formed along the beach 
due to the presence of an obstruction while others are produced by possible 
selective erosion by the awash (Johnson. 1919). Emery (1960) has described 
the formation of cusps during the wave cycles of a few hours. In the Barry 
sands the cusps are formed by the destruction of the beach ridge at the 
lower foreshore zone and reworking by waves. Evans (1940) has seen 
similar process of cusp formation In the Lake Michigan region. In the 
Barry sands the low beach ridge may be present in one week while the next 
week it has been gradually destroyed and replaced by the cuspate forms. 
The definite agencies contributing to the origin of beach cusps are not yet 
clearly known. In one place one factor may cause the start of the cusp 
while it fails to produce cusps in another area (Gellert 1937). In this 
area only sand cusps are noted and the gravel cusps are absent. 
Ridge and trough structures 
Ridges and troughs are the systems of large linear elevations 
and low depressions formed in some sandy foreshore zone of the beaches 




as fulls and lows, bails and lows (Evans, 1940), ridges and runnels, and 
surf-megaripples. The large low ridges are produced by the breaker 
action at the lower part of the beach with a gentle profile. The role of 
gentle beach profile and abundant supply of sand (Evans, 1940) is of im-
portance in the production of these ridge structures. The ridge :nay be 
more than one and they are temporary, always ebUting reworked and 
destroyed by the breakers. The ridges are very low in shape and 
breaks at irregular intervals are present. In few cases one of the ridges 
Is better developed after the highest tides to give beach ridge in that part 
of the beach (Doeglas 1955). The beach ridge in the lower part of the 
upper foreshore zone is composed of medium to medium fine sand, very 
loosely packed and devoid of any internal structures (Fig. 7A). 
Swash marks 
The highest reach of the awash is marked by a thin deposit of 
sand, flaky minerals, shell £ragments, organic debris, etc. This deposit 
is the awash mark. In some cases due to strong repeated action of the 
awash by high tides a small ridge is produced and this is termed as awash 
ridge. 
Sand pitting 
In the uppermost part of the upper foreshore marke are produced 
by the imprint of sand grains thrown on the wet sediment. The sand grains 




form small pits (Plate 28A). This sand pitting texture Is best formed at 
the time of ebb tides as with the flow tides all pitting marks are destroyed 
by gradual saturation of that part of the beach. 
Crescent marks 
These are the scour marks formed by the backwash behind any 
type of obstacles in its path. These structures are also known as back-
wash marks and are very common in the upper foreshore beaches. They 
are best developed In a steeper part of the beach; in most of the cases the 
obstacles are shells or small pebbles (Plate 26B). The crescent marks 
are best developed during the ebbing phase of the tides, small in size 
(5 to 30 mm In size) and have an inverted V or crescent shape behind the 
obstacle. 
Lineations 
Primary current lineations are produced under shallow flow 
conditions; the lineations are mostly formed at the water's edge. With 
the awash, streaks of mica or other flaky minerals are produced and this 
gives a type o tii .tion. Some of the lineations are p- 	ed by dragging 
of sand grains d iving fine striations on the beach (Plate 26A) w lineations 
are also produced on the ripples by the to and fro motiofl Ui the tides (Plate 
25B). 
Rill marks 




beaches. With the receding tides, the saturated sediment starts d.wat.ring, 
the water drains out and flows towards the elope and forms rills In the sedi-
ment (Plate 27). These marks are of varying sizes and have well developed 
enQriti( att•rns. 	Th 	 t tye, &hae and bran c"i 	end ion the slope 
Tills 
and the 	diment, well ..velopedare 	ei ss than in the silts. 
In the silty sands of the estuary villa are tMii.r  and longer which may be 
due to perrrieability of the sediment. 
Beach chutes 
On the steeper gradient of the b.ach, small channels are formed 
with tk fa-ling tides. The saturated material along with water starts 
sliding awn the slope,breaklng ripple trains. The channel with these marks 
which are produced by the forward creep of the saturated sand In a mass of 
overlapping lobes and ridges are termed as 'beach chutes' by Trefethen 
and Dow (1960). Craig and Walton (1962) have described airnIl&r structures 
as varieties of their longitudinal ridges. 
Marks produced by seaweed. 
In the foreshor. parts of the beaches there is often some s.nw.ed 
with attached anchor stones. 	With the tidal currents and waves, these 
seaweeds swing from one side to another and drag the attached peoles on the 
sand. This dragging of the anchor stone produces a groove. Or the pebble 
may resist movement while the seaweed is wafted around to produce a series 
of irregular curved brushing marks around the anchor stone. 
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Section 3. GRANULOMETRIC STUDIES 
3.1 	A series of samples were taken and the sample stations were 
given location number.. These constitute a running sries and are 
referred in the text to Indicate location; Fig. 17 gives the locations of all 
sampling stations. The majority of the samples are surface samples but 
some undisturbed tray samples were taken to study the structures and 
laminar variations In grain size and mineralogical properties. National 
kilometer grid squares were used to select the places for samples; for the 
most part a sample per kilometer square was taken but in a few cases this 
was changed depending upon the extent of the sandbanks and accessibility. 
Approximately 200 grams of material was selected at each station and 
polythene containers were used to store the sample.. 
In the laboratory samples were dried at a low temperature (30 0C) 
In the oven to remove moisture. Samples with high silt/clay content were 
not subjected to this treatment as drying tended to harden the whole sample 
which makes disaggregation of the sample difficult for mechanical analysis. 
Oven drying was sufficient to disaggregate the grains in most of the samples 
A rotary type of sample splitter was used and an approximate 20 grain split 
was obtained for the purpose of mechanical analysis. 
Mechanical analysis was carried out by taking about 20 gin. of 
sample and separating into 16 grades using a set of phi Tyler sieves, 
shaken on a Ro-Tap Auto Machine for 20 minute.. In most cases, the silt! 
F!C.18 
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clay grade material (more than 4 was less than 10 of the total material; 
no pipette analyses were carried out. In a few cases the wet seiving 
method was used for samples with high content of fine material. In this 
text a combination of Wentworth (1932) and phi scale of classification is 
used. Phi scale is used as statistical computations are more convenient 
with the logarithmic scale (Krumbein, 1934). 
There is a wide choice in selecting a method for expressing the 
results of granu1ote'.ric analysis to help in establishing any regional trend 
in grain size distribution and comparing the results from other areas. 
Roughly,the metiods are divided under graphic and statistical 
Doeglas and Smithujzen (1941) have shown the advantages of graphical dis-
tribution curves,u...ing a probability scale with arithmetic size grade. The 
advantages of plotting data on this paper are that the normal distributions 
show up as a straight line while any phenomenon of mixing or differentiation 
can be distinguished by the change in the shape of the curves. The value of 
the results obtained by the statistical methods of Trask, Niggli and Krumbein 
has been questioned by Doe glas (1946). These results do not show much of the 
act ual problem of the environments, distinction between the various environ-
ments, direction of transport. etc. Quartiles only refer to the middle part 
of the frequency curves while the distribution curves suggested by Doeglas 
(1944. 1946. 1950) give more complete data than the others. Plates 31 to 
33 present the characteristic size-frequency distributions of each type, class 




These classes are based on the shape of the curve and not on its position. 
Three types of sand distributions and two types of clay distributions were 
recognised. They are: 
B - type.... 
F- type .... 
consists of very ill sorted 
coarse material 
is almost a straight line and 
represents an almost symmet-
rical distribution with poor sorting 
M- type .... 	is much better sorted than the F 
type and has a lower and much 
more sharply defined maximum 
size thar the - type of the same 
average size 
S - type .... 	is a clay distribution with up to 
50% .ilts with a well defined 
maximum size 
C - type .... 	consists of clay with little silt 
and no pronounced upper size 
limit. 
Some of the mixed curve types are found due to the admixture of two or more 
curve types. In the present investigation the terms of Van Andel and Postma 
are used to denote the shape of the distribution curves in order to facilitate 
FIG. 20 











I m.rn. 	 •4 	•2 	00 
cA1T2.ISTIC 	51ZE FEc.uENcy 













Im.pn. 	 (0 	 04 	 2 	Oom.rn. 
	
CAQ.PCTI5TIC 	SIZE FQ.E.QUENCI 





comparison with the other data. In the upper Tay estuary F - type 
distribution curves predominate while the lower parts of the estuary show 
F + M and M- type curves. The beach sands show the M - type distributions. 
3.2 	Distribution of Curve Types In the Area 
Fig. 20 gives the distribution of various curve types in the area. 
In the region of Perth the river regime is prominent and F 1 - type curves 
are found at stations 1, 3, 4, 85, 86, 87, 88 and 89: F 2 - type occur at 
station 11. The nhapes of the distribution curves are similar to those of 
other rivers (Lun, 1927; Went'worth, 1932; Russell, 1936; Russe]land 
Taylor, 1937; Doeglas, 1950). Some curves are bent slightly towards left 
when followed from coarse towards fine end which may be due to winnowing 
of the fine fractions. Composite sample can lye the same type of shape 
(Doeglas. 1944). A flexure towards the right lathe coarse eid is pro-
duced y the absence of coarse material. This can also happen by the 
non-availability of a coarse fraction or its removal and deposition in the 
upper reaches of the river. Doeglas (1950) has found similar distributions 
in the Lower Rhine and Lek sediments. The grain size decreases gradually 
downstream and the mixed F M curve types are found In the upper parts of 
the estuary due to the gradual decrease of the coarse fraction and the influx 
of medium/fine sand. These mixed F M curves are obtained from the 
various stations in the estuary. Appendix 1 gives the distribution of curve 
types at each station and figs. 21 and .2 give the F and F M curve types 
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In the marsh creeks near Newbu , allinbreich and Errol, 
poorly sorted material with B S and B M types are found; the most common 
being B2 M2 and B3 M2 distributions. BS and MS curves are present 
near Balmerino and - go :ie,while near Wormit there is a predominance 
of B S. Most of the o:1y 8orted material in this place has come from the 
cliff falls and its mixing with the river sediments. Many curves from the 
estuary show steep bends towards the right at the Fine end and this is due to 
the great influx of fine fraction in the estuary. The mean concentration of 
solid particles carried In suspension by Tay is of the order of 1 part in 5,000 
by weight of water. This amount is small but during the course of time the 
mud flats have accumulated a substantial amount of material. 
The beach sands of Tayport, Tentamuir, Monifeith and Barry 
have M 1 and M type curves while in a few cases t 1 - type (Doeglas, 1950) 
2 
curves are also found (fig. 24). This is due to the presence of more 
coarse material in the normal M 1 type curves which are equivalent to t 2 
curve types. Most of the coarse fraction in the Barry and Tentsmuir 
sands is composed of calcareous shell debris. Acid treatr-. er-t -- odi1les 
the tails of the curves and thus the overall shape of the c':rv. Kruit, (1955) 
has found similar changes in shape in the Rhone delta sediments. hut 
the samples of Thy region were not treated with acid as shell debris Is 
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The samples from the river Tay and upper part of Tay estuary 
show characteristic shapes of size frequency distribution curves. The 
curves (fig. 5) similar to those of the other rivers (Doeglas. 1950) 
are mostly the R and F type of Doeglas and Van Ande].. In the F M 
curves of the estuary, the amount of the two components can be calculated 
from the limit of the horizontal trend. The diagram (figs. 21 and 24 of 
the F and F M curves show that the coarse material in the tails is being 
dropped towards downstream; the fine fraction is being mied in the 
sediment. Most of the material is carried as the bed load while the fine 
fractions in suspension are carried into the estuary. This can be inferred 
from the absence of right angle bend towards the finer end of the tail,and 
straight nature of the curve. Some step-like shapes in the curves are 
due to the Influx of fine sand with change in the current velocity. The river 
sediments are poor in the fine fraction which is gradually carried in suspen-
sion to the estuary and beyond although the fine fraction is concentrated in 
some calm,sheltered parts of the river. 
The percentile diagram (fig. 26) shown that the first percentile 
reflects changes in the currents more closely than the 99th; but the overall 
general trend of the sediments is to be richer in fine sand towards the 
estuary. This is clearly brought out in the percentile distribution diagram 
where the decrease in medium size towards the main part of the lower part 
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Esturjne Sediments 
The distribution curves from the Thy estuary (fir. 	are of T 
and M type. of Doeglas and Van Andel. Mixed F M curves are found in the 
upper reaches of the estuary; the shapes of all the curves are simil ar 
though the medium size (position of the curve) varies. There is a general 
change in the curves from F to F M and then to M towards the lower 
reaches of the estuary. Similar trends of the changes In the curve types .4e-
s found in the Dutch estuaries and tidal flats (Doeglas, 1950). 
The marsh and marsh-creek sediments give a MS curve shape, 
the fine fraction brought by the currents In suspension but some of it Is also 
produced by the reworking of underlying boulder-clay deposit. The boulder-
clay he e 	M S and M C type mixed curves. The percentage of silt 
fraction is the highest (max. value 33%) in the estuar, this en.tchment of 
the fine fraction may be due to the 'settling-lag effect' (Van Straaten and 
Kuenen, 1957). 
The percentile distribution diagrams do not show any significant 
trends; only the let and 99 th percentiles tend to fluctuate more than the 
others, especially In the case of the marsh sediments. 
Beach Sediments 
The beach sands In the area show t- and M- type curves of Doeglas 
and Van Andel with coarse tails reaching 15% in a few cases. The size 
position of the ­ —Irer, vary little with their 1oc11-in in the sub 	 ents ; 
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tail of the curves. Fig 28 gives the zone diagram of the M- type curves 
in the area. 
Percentile distribution diagrams show a significant change in all 
the percentile values especially in the let and 99th percentile from lower 
foreshore to upper foreshore and backehore sands. The 99th percentile 
values are fairly constant in the various parts of the beach except In the 
lower foreshore where the values are usually coarser. The variation is 
more pronounced in the Tents muir sands (fig. 29) than in the Northern 
(Monifieth and Barry) sands. In the Tentsmuir sands the l.t percentile 
shows a definite gradual coarsening towards the north which is more 
marked in the upper foreshore sands than the lower foreshore sands. Northeri 
foreshore sands show a gradual decrease in the grain size towards the west 
especially in the lot percentile (fig. 30). This trend is also seen in the 
coastal dune sands, the trend being contrary to the direction of river flow. 
This trend is only shown by the lit percentile, the other percentiles show no 
significant trend. The minimum size (99th percentile) is constant in most 
of the samples. 
Coastal Dune Sediments 
The distribution curves of dune sands vary considerably from one 
part of a dune to another; these variations are greater in the coarse end 
than in the fine end (fig. 31). The shape of the curves for the particles 
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Many of the curves have almost symmetrical distribution with minor 
asymmetry In the tails especially in the zones lees than 5 1% and more 
than 95%. But Inman (1952) has shown that most of the errors are 
confined to these zones Plate 30) thus the most important part of the 
curve lies between 5th and 95th percentiles. 
Distribution curves from the windward side of the dune have 
coarser tails while more fine material is fount. in the samples near the 
top and from the leeward side of the dimes. 	U these conditions can 
easily be attributed to the sorting action of the wind and its competency. 
The diagram (fig. 31) of dune sands shows the particles less than 170 
microns have a very steep curve with a limited spread. This steep 
zone seems to be characteristic of dune sands and can be easily dis-
tinguished from th same rnes of other environments. The dune sands 
have low content of i.ne material which must have been deposited when 
the wind velocity dropped to a calm. Most of the fine material is removed 
by the winnowing effect of the wind,which makes that end of the curve 
asymmetrical. This is one of the main reasons why most of the dune-
sands have positive skewness values. The size range in the narrow 
zone lees than 170 micron may be due to the limited competency of wind 
transportation. 
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constant while the lot percentile varies consid.erbL.,decreasing in 
the size from north to south. Northern dunes show 	 oniterable 
variations in the lot percentile while slight variations are also seen in all 
other percentiles (fig. 30). Most of the percentiles show a decrease from 
east to west. The graphic and percentile diagrams show Tentemuir sands 
finer than the Northern dune sands. 
3.4 	Statistical Analysis 
It is convenient to have quantitative data for the evaluation and 
comparison of a large number of grain-size distributions. There are 
various statistical methods, ised to describe size frequency distribution 
curve s,but these fall into two main methods. One is of graphic parameters, 
plotting the size distribution curves and reading the size diameter against 
various percentages; the other method of moment measures involves 
elaborate calculations. The results obtained from these two methods 
are described and their significance aseesse 
3. 1 	Graphic  Parameters .  
In the present investigation the parameters suggested by Inman 
(1952) are used. These are probably the best set of parameters available 
at present. Recently Van Andel and Poetma (1954) have shown the disadvan-
tages of these parameters in biemodal distributions; but they are the best 
set of parameters for unirnodal distributions with low and moderate skew-





























• 	 I 
P141 MEDIAN 
DIAMETEP. M 	 jO 
-I, 
I-C  
I 	 2 	5 	4 	) 	. 	7 	6 	 II 
WEST 	 EAST 
VAR.IATIONS 	OF 	rwK^PHIC PAR.AME1ER..S 	ALONG 
RIVER. AND ESTUARJNE SANDS 
3.4.1 	 42 
The Inman parameters are based on five percentile diameters 
obtained from the size fraquency curve (plotted on the anti. 	- 
probability paper). The five percentile diameters used at.. 	, 	16, 
50, 84 and 95 and the parameters used are mediaxr diameter, mean 
diameter, sorting, kurtosis and the two measures ..,I skewness, one of 
which is more sensitive to the skewed properties of the 'tails. 
Phi Median 	nster (MdS) 
This is the easiest measure to determine and corresponds to 
the 50th percentile In phi scale; half the particles by weight are coarser 
than the median, and the other half Liner. The znedl -- is less affected by 
the extreme values of skewness as it is closer to themodal ijameter. The 
disadvantage is that it does not reflect the eve rail a iz e o. the sediment 
especially in the skewed curves. It Is almo 	usdess for the bimodal 
distributions. 
PM Mean Dla;.'eter (MS) 
The phi mean diameter is the average of the 16th and 84th 
percentile diameters in phi units. The graphic mean is a good approxima-
tion to the mean moment measure for a large varieties of distributions. It 
is a better parameter of central tendency than the median as It covers a 
larger part of the curve and gives a better overall picture. The mean is 
more sensitive to the skew properties of the curve than the median and 
gives a better mean value (anithime tic mean) when the average of a group 
F IC 35 
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of sample is taken; this is also true when a sample composed of several 
laminae of different grain sizes is analysed. For such a eample,the mean 
grain size of the total composite sample is equal to the average of the means 
of the individual laminae. 
Phi Deviation Measure ( i'S) 
This is the measure (in phi units) of the uniformity or sorting 
of the sediments. It is also known as the graphic standard deviation 
L 444J4 
(Folk, 1961) and it is defined as -the arithitetic -mean of the 16th and 
84th percentile diameters ( 84 - 16)/2. The measure is very close 
to the well known standard deviation but the two measures diverge with 
the increase in skewness. 
Phi Skewness Measure 
Size frequency curves may have the same mean and sorting but 
differ in their asymmetry. The phi skewness measure is defined as 
6~1 	 150 
Skewness measures the departure of median from the mean, expressed as a 
fraction of the phi deviation measu'. 	sures the degree of 
asymmetry as well as the 'sign'; i. €., j. .licther a curve has an asymmet-
rical tail towards fines (+ ye value) or is skewed towards the coarse and 
ye value). 
A secondary skewness measure is also used which is based on 
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ie primary phi skewness measure. This measure is more sensitive to 
roperties of C 	:trrii 68T 0 of the curve. Inman (1952) has shown the 
approximate relationship between the moment measure and the phi skewness 
measure where 	= 
Thi Kurtosis Measure 
Kurtosis is a measure of peakedness and is related to the fourth 
moment of statistics. It measures the ratio between the sorting in the 
'tails' of the curve and sorting in the central part of the curve. If the 
central part ( 962 4 to .~16)  is better sorted than the tails, the curve is 
excessively peaked or 'leptokurtic'; while if the tails are better sorted than 
the central part, the curve is flat peaked or 'platykurtic'. Highly 
platykur'tic curves re often bimodal. Phi Kurtosis value for a normal 
distribution is 0. 6 	n i, 1952). If the distribution is less peaked than 
the normal then the tails have a larger distribution and 130 is greater than 
0.65. Similarly, values of 	less than 0. 65 indicate that the distribution 
is more peaked than the normal. 
3. 2 	Moment Measures 
These are statistical measures in which computation is used and 
a truer picture of the grain size distribution is obtained. The first moment 
3.4.z 	 45 
measure (mean), second moment measure (standard cievt - tion), third 
moment measure (skewness) and the fourth moment measure (Kurtosis) of 
the grain size distribution were computed on the Atlas Computer for each of 
the samples. The computer program is based on the Atlas Autocode 
(Brooker and Rohl. 1963) and the programs are given in 	Appendix VIII 
and IX. 
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Mean ( aC 
Standard deviation 
Skewness 
Kurtosis ( 64) 
L.f 
(VIoo)2 c (m— ~) 
where 	-; 
f 
and 	 11-1-1 
= 	mean grain size In k units 
= 	frequency of different grain size grades 
present as a percentage 
= 	midpoint of each grain size grade In 
phi units 
The results of the moment measure computation are given in Appendix II in 
a tabulated form. 
343 	Variance Analysis 
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Variance analysis was carried out on the size-distribution data 
from the area using the Atlas Computer (Appendix XI). This method was 
preferred to the ttl and 'chi-square' teat because of its greater sensitivity. 
The variance ratio tests allowed for an estimate of significance of variance 
for the source, eographica1 locations and environments. Two levels of 
significance are usedbaaed on Snedecorta tables (Fisher, 1948); first 54% 
level giving a significant difference (P = 0. 05) and a second PIo level of 
significance (P = 0. 01) giving very significant difference. 
The first moment meaeureL1  (mean) varies considerably 
(1.065 	3. 	') over the area. 	The variance analysis has shown 
that the first oioent Tieasure does not show any significant variation due 
to possible direction of sediment transport. but shows a very significant 
variation due to geographical location and the environments. The 
variance is much higher between environments (f = 4. 898) than within 
environments. The river sands have an average mean value 
which shows a very significant (P = 0.01) difference from all the other 
environments. The estuarine sediments have a mean value of Z. 739 
Northern beach sands 2. 1176, Tayport sands Z.499 and the Tentamuir 
beach sands 2. 37 96. Thus all these beach sands show significant varia-
tions(P = 0.05) 	one another. All beach sands show significant 
variation from the dune sands; the dune sands have a much higher value 
of first moment measure (mean Z. 364 ) than the beach sands (mean 




mean grain size towards the lower foreshore zone. The Northern sands 
are coarser than the Southern sands and show significant difference for 
both the beach and dune environment.. 
The distribution of second rnw 'nt measure 	(standard 
deviation) does not show any significant variation due to direction of 
sediment transport as well as for the geographical locations. But the 
second moment measure shows a very significant (P = 0.01) difference 
between the environments. The dune sands are best sorted and have an 
average mean value of QC = 0. 41 8#while  the value for Ptn :H rd deviation 
decreases significantly towards the lower foreshore zone.. 	he upper 
foreshore beach sands have an average standard deviation 0. 4 7 
and the lower foreshore beach sands an average value of 0.453 ' . The 
estuarine sediments have an average value of 0. 4 *while the river 
sediments have 0. 	2 hiheet mean value between all these categories. 
In a normal distribution of Pearson type III curves (Inman, 195; Fig. 7) 
the standard deviation is 0. 50 96 and so In the present discus s ion, standard 
deviation value 0. 50 will be taken to denote a near syrnmetrical/syxnmet-
rical distribut: 
The c 	:.... 	.iuerab1e vauitiu.i i..t 	 va1us of tlA.i. 	.. 
measure 063 (Skewness) in the area (see Appendix II). The variance 
analysis shows no significant variation due to possible direction of trans-
port but shows very significant (P = 0.01) variations due Li o geographical 
locations and environments. The river sands have a mean value of 
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+0.4.1 while the estuarine sands show the lowest -ye value of -0.061 
for the mixed curve types and an average of -0. 562 for all the samples. 
The dune sands have near symmetrical distributions (-0 146) and the 
beach sands -0. 518. Usually there in a gradual increase in negative 
skewness towards the low tidal zones. 
The moment coefficient 9f _"tosis (L4) does not show any 
significant difference due to any of the factors nivolved in the variance 
analysis. For the normal distribution the moment coefficient of 
kurtosis value is 3, the values more than 3 denotes leptokurtic distribu-
tions and the values less than 3 denotes platykurtic distribution. 
Appendix JI shows that a great majority of samples show leptokurtic 
distributions. 
The average value of phi mean diameter (M ) of all the 
samples in the area is . 482 S. River, estuarine, beach and coastal 
dune sands all differ from each other very significantly (P = 0.01) with 
mean value of 1. 3915, 2. 7185, 2.3565 and . 408 respectively. The 
variance of the :nean due to location of the sa rp1es from one another is 
also significant ( 7 = 0. 5), while no significant variation existsiue to 
possible direction of sediment source. There is a gradual Increase in 
the mean size towards the low tide region; the upper foreshore has an 
average MS of 2. 41 . and the lower foreshore . 389. 
There is a considerable variation in the phi median tharieter 
(MciS) value in the area, the mean value being .4 70. River, cstuarine. 
beach and coastal dune sands all show very significant (P = 0. 01) difference 
F IC. 39 
S • Rt&t' 5I4t4-. I 	 I I 
XDt44%t 	$t4, • 
I • 	S4.i4 x • 	••• • 	•b 	SI •i I • • 	•U ••t, • • S • x 	
• 	• 	S I • xx S . 
• 	24 
• : 	•. z .x•.• • 22 * 	• I.1• 















Eo4J 	 Lo'4J 
COMPA.ISON OF MEDIAN [441, SECOND 5K\VNE55 MEASUE [2-03 AND 5012-TIN V4.1  





• E2.t,vr &414. 
x PtA,i 	stS.-. 
• bea.<4i1 5'I4i4t'. 
U. 	* 
S 	 I 
U • 
	 S 	* 
•. 	x .* x 
• 	ISIC 	• 
• .. •S. s. S 
S 	 U 	S S  
. • S 	•S 
• S 







UI 	 I 
+2 	 I I 	 U 
•1 	 . 4, 	•as 
UI 	x 	xI x 
o x ••• x S. • 
r) 	 I 
•I 	U 
-2 	 S S 
XS. 	• 




2c 	9 	IS 	17 	I 	5 	14 	i 	iz 	ii 	1.0 	.,9 	
. 	 .7 	. .5 	•4 	• 	 2 	 . 	3 	'4 	'5 	" . 7 
KURT05 I 5 
LAJ 
COMPAQJSON 	OF SK..EVNE55 [cq], KUP.T0515 [,] AND SOTING,. [.,4J OF JNOIVIDUA.L 541PL5 OF PIVE2-, DUNE AND EE.ACH 5.ND5. 
3.4.3 
	 49 
with MdS values of 1. 3l, Z. 630, 2.346 and Z. 385 respectively. The 
variance of M d4 due to location of the samples is also significant (P B  0.05) 
while no significant difference .xistsdue to the  source of sediment transport. 
The upper foreikoze beach sands (mean d I '. 369) differ significantly 
from the lower foreshore sands (mean '.'di T• 333) as the medium grain 
size decreases towards the low tide zone. 
Phi sorting (IS) shows very significant variations due to 
environments and significant variations due to geographical location In 
few cases. The distribution pattern of various graphic parameters are 
given in the Figs. 34 to 37 for the various sub-areas. 
The variance analysis of the skewness and phi kurtosis does 
not show any significant variations due to any of the three major factors 
used in the analysis. The following table shows the summary of 
statistical parameters and the results of variance analysis on various 
level of significance. 
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Table 2. 
Table showing Relationship between Statistical Parameter 
and Significance of Variance due to 
Direction of Transport 
Geographical location and 
Environments 
Statistical 	IV&d&nco 	 Level of Significance 
Parameters due to Very Significant Significant Not Significant 
(P=O.05) 
First Moment 	i I 
Measure 
3 X 
Second Moment 1 
Measure 
3 X 
'Third Moment 1 
Measure X 
3 X 
Fourth Moment 1 
Measure 
3 
Phi Mean 1 
Diameter X 
3 X 
Phi Mesdian 1 
Diameter 
3 X 
Phi Deviation 1 
Measure 
x 

















Level of Significance 
Statistical Variance Very Significant Significant ot Significant 
Parameters due to (PO.01) - (P= 	.05)  
Phi Secondary 1 X 
Skewness Mea- X 
sure 
3 X 
Phi Kurtosis 1 X 
2 x 
3 X 
3.5 	Distribution Curves and Graphic Parameters 
The F-type distribution curves have the median ranging between 
1. 13.0 - 1. 566 with a gradual increase In the median value towards the 
estuary. The value of mean (M,o) differs from 1. 18to 1. 660 while 
the sorting varies between 0. 45 to 0. 98. The skewness (0 ) varies 
considerably from +0. 85 to -0. 13 thus showing the sensitiveness of the 
measure; the 'tail of the distribution do not show any significant 
difference ( c4i varies frorri +0. 64 to -0. 16) from the central parts of the 
curves. The F- curves are mesokurtic (0. 62 - 0. 84) and show near 
symmetrical distribution. Most of the curves have lost the fine material 
by removal in suspension and thus most of sediments showing F- type 
curves are probably derived from the bottom load of the river. 
The M- type distribution curves are usually of M and M 2 - type 
with predornbi'nce of the former type. The phi- median shows a consider-
able variation from 1. 896 to 2. 826 and the mean from 1.84 . 776. 
52 
Ti1ee M- ty dist h'ition curves are mostly iro: the beach sands 
and show a significant increase in mean/median towards the upper 
foreshores, These curve types are better sorted than the F-types 
with the same average size. Sorting varies between 0. 24 to 0. 58 
and shows better sorting with the increase in the median-value. The 
sorting decreaseswith the increase In the silt/clay fraction as inside 
the estuary. Due to the turbulent action of the breaking waves on a 
beach, the sorting is improved by repeated reworking (local sorting). 
With depth, the turbulence decreases, material of many grades can be 
deposited and sorting decreases (see also Inman, 1949, 1952; Shepard, 
1964). M- type curves from the dunes show very well sorted distribu-
tion while the curves from the estuary show moderate sorting values. 
There is a considerable variation in the skewneasvalue. from +0. 25 
- . 37 are quite common. The'tails' of the curves are far more 
skewed than the central parts of the curvee,thus giving leptokurtic 
values. Most of the dime r  rves are positively skewed where the fines 
less than 0. 125 mm ( 	are removed by the prevailing winds. In 
the lower foreshore sands, the curves give considerable negative skew-
ness values due to the influx of coarse materials by the seasonal high 
tides; this Influx has slightly modified the symmetrical shape of the 
curves towards the coarse end. Highly negatively skewed curves of 
M - type have been described by Muir (1958) as B M - type; the prefix B 
indicating presence of coarse material. In most of the samples this 




to higher parts of the beach due to its smaller specific gravity. 
Mixed distribution curves (FM) are quite frequent in the 
estuarine environment. The median V&aiâ from 1. 92 0 to 3.380 
and the mean 1. 9056 to 4.0856 . This considerable variation In 
the size of the central tendency is due to the mixing of the two com-
ponents F. and M. in various proportions. This is a common 
phenomenon and has been dealt with in great detail by Doeglab 
(1941, 1944, 1950). The sorting also varies considerably (0.4756 
2.08 56) due to variations in depth, currents, sediment types and 
higher proportion of silt fraction. Usually with the higher content 
of particles of more than 4 ,0 • there is a decrease in the sorting 
(Van Andel and Postrna, 1954). Both phi skewness measures vary 
considerably, -L56 (+0.64 --0. 16) and .4a(+0.  43 - -0. 6. This 
may be due to a greater difference of grain size and this also gives 
higher values of kurtois (0. 72 - 1. 25), most of the curves being 
leptokurtic. 
The MS - type of distribution curves shows trends similar 
to those of the other mixed type (FM). They have higher median 
values (2.51 -3.50) and mean from 2.356 to 3.1556 . The maximum 
amount of fraction greater than 4 56 is 33% while the average value is 
16016. The sorting range from 6 0.49 to 0. 84 and a few samples have 
a much higher value but could not be computed precisely due to excess 
of fines. Most of the curves are leptokurtic with a few platykurtic 
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(bimodal) distributions. The skewness o<6varies between +0. 02 - 
-0. 34 and 46z 0. 0 to -0. 77. The MS- type sands are deposited in 
th*' quieter parts of the estuary, especially in the marshes. The Fine 
fraction Is concentrated due to the absence of strong wave action and 
reworking currents. 
The distribution curve types F, M, and their mixtures FM 
and MS represent the river, beach and estuarine environments In the 
area. The river sands may be recognised by their curves associated 
with low values of mean, median, moderate to poor sorting, near 
symmetrical to positive skewness and mesa - te leptokurtic distribu-
tions. The estuarine sediments show an assemblage of FM. FS and 
M- type distribution curves with fairly high to moderate value of mean 
and median, moderate to poor value of sorting, leptokurtic to very 
leptokurtic curves. The amount of silt/clay fractio- is more than the 
average M curve. The beach sands have more or less symmetrical 
M distribution curves with medium to medium fine sand grades, 
moderate value of mean and median and well sorted to moderately 
sorted sand.. They have negative skewness and mesokurtic to 
leptokurtic distribution. In the coastal dune environment the distribu-
tion curves have M- type shape with mostly positively skewed tail. The 
curves are very straight from 2 	towards the fine end. These 
different environments can be distinguished to certain degree by using 
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3.6 	Moment Measures and the Environments 
The moment measures are plotted against each other on 
scatter plots to distinguish their relationship with the various 
environments (Figs. 41-43). 
In 	Fig. 41 the first moment measure (mean) is plotted 
against the third moment measure (skewness) for the data in phi scale. 
There is nearly a complete separation between the dune and beach sands. 
The dunes being mostly positively skewed or with near symmetrical 
distribution and the beach sands are generally negatively skewed. A 
few of the beach sands have positive skewness which may be due to the 
possible "inherited" property of the original positive skewed river sands 
which have not yet reached equilibrium in the new environment. Similar 
separated scatter zones were observed by Friedman (1961) in his textu-
.ral studies on different environments. 
The Fourth moment measure (Kurtosis) does show little 
sensitiveness ttwarda the environments (Fig. 42). Both dune and beach 
environments can be separated to a certain extent, with a wider spread, 
then a scatter plot of the skewness against mean. Both river and dune 
sands are mostly positively skewed and with a few exceptions shows 
sensitivity of skewness. 
In Fig. 41 the second and the third moent measures are 
plotted for the beach and âme sands; both the environments can not be 
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Similar trend for these two environments is observed in the plot of 
first moment measure (mean) and the second moment measure 
(standard deviation). On the other hand this plot can separate river 
sands from the beach and dune sands (Fig. 43). 
The moment measures reflect the mode of transporting 
medium and the energy distribution in the medium. The size limits 
of the particle size carried In suspension or by saltation are governed 
by the competency of the medium. Aeolian and fluvial transportation 
is due to the uii-directional flow and is one of the major factors I 
causing the positive skewness In these two environments. On the 
beaches, the material is subjected to ewash and backwash currents 
which winnow out fine material and the material from any normal 
distribution becomes negatively skewed. 
The following conclusions can be made from the study of 
moment measures of the Tay sediments: 
The dune and beach sands can be distinguished on the 
basis of plot, of first and the third moments.. 
The river sands may be separated from the beach and 
dune sands by the first and second moment plot. 
The river and dune sands may be separated from the 
beach sands by the second and third moments plots. 
The fourth moment is not very sensitive to environment 
and can only separate dune and river sands from the 
beach sand.. 
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4 )unc sands arc :c1tive1y better sc.rted th 	the beach 
sanda. In the beach sands the sorting decrea8 towarc: 
the low water mark i. e. depth of water. 
Dune and river sands cannot be distinguished clearly from 
each other on the basis of moment measures alone. Both 
show positive skewed value but relatively the dune sands 
are finer than the river sand in the grain size. Additional 
data help to distinguish between the two i. e., heavy mineral 
content, shape of distribution curves, etc. 
Estuarine sands with mixed curve types are difficult to 
separate by scatter plots only. They require additional 
data about the shape of the distribution curve to separate 
them from the other. 
In the open-ended distributions, the moment measures are 
of no significance. 	In this case better results are 
obtained by the use of graphic parameters which give 
better approximation of the statistical parameters. 
3. 7 
	
Moment measures and Graphic Parameters. 
The moment measures of a size frequency distribution give 
the most accurate data on the behaviour of the distribution (except in 
the open ended distribution). These moment measures are not 
commonly favoured as they take considerable time and are difficult to 
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compute. Due to these two main objections against the moment 
measure .,various graphic measures are used. 
McCamxnon (1962) has shown the efficiencies of various 
graphic measures as more percentile data are used for the computa
tion of any particular graphic measures. The statistical efficiency 
of a graphic measure is the ratio of the variance of the distribution 
of the corresponding efficient estimate and the variance of the limiting 
distribution of the graphic measure. The more percentile data are used 
. E 
in a graphic measure, the 	t will be nearer to the statistical moment 
measure (Mosteller, 1946; Wilke 1948 Blom 1958; Sahu, 1964). 
Graphic measures are nearest to the moment measurds in a symmetrical 
distribution but normally they do show significant difference (P0. 05). 
McCammon (1962) has shown that the efficiency of the Inman graphic 
measures is, for the phi mean diameter 74 016 and 5416 for the phi devia-
tion measure (sorting). The mean diameter (M ) is always signifi-
cantly higher than the first moment measure (o i ) for the same 
distribution (see Appendix I and II). Similarly, other graphic measures 
used in the text show considerable variations from the corresponding 
moment measures. A better approximation is obtained only in a few 
cases with near symmetrical distribution (L between +0. 2 and -0.2 	). 
The Ttrnt*i, graphic measures used in the present investigation 
are Z little help In distinguishing the sediments from various environ-




much overlap between the various environments except perhaps the 
positive values of skewness shown by most of the dune and river sands. 
Moment measures give a far better result for the environmental studies 
and variance analysis. Thu,a usually the graphic measure may only be 
useful for giving a 'renral annroximate trend of the size distribution 
and areal variations. 
Sediments In the different environments may be recognised 
by the following size distribution characteristics: 
River sediments can be recognised by their F- type 
distribution curves with common positive skewness. 
They can be separated from the beach sands by the 
skewness - mean scatter plots. River sands can be 
distinguished from the dune sands on the basis of their 
shape of the distribution curves. 
The estuarine sediments may be recognised by the 
presence of mixed curve types and higher than average 
content of silt/clay fraction. They can also be separated 
from the beach and dune sands from the triangular plot 
of proportion of medium, fine and very fine sand fraction. 
The statistical measures in most of the cases and 
distribution curves In a few cases are of little use for 
thisenvironment due to considerable overlapping of the 
river and marine sediment types. 
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Dune sands can be recognised easily from the river 
sediments on the baste of the shape of the curve and 
from the beach sands by mean - skewness plots of 
moment measures. 
Beach sands may be s bparated from the river sands by 
the shape of the distribution curves and the skewness - 
standard deviation plots. Scatter diagrams of the 
skewness and the mean can separate the beach and dune 
sands. 
3.8 	Relationship between roundness of grains and environments. 
There is a large amount of literature available for determining 
roundness. In the present investigation the visual estimation method of 
Shepard and Young (1961) was used. In all the cases 2 ,96 to 4 96 fraction 
was used as this fraction constitutes a large proportion of the dune sands. 
Beach sands were compared with the adjacent dune sands. A count of 
100 grains was xriade,bas.d on the six classes of roundness (Plate 34) 
by the point counting method commonly used in the heavy mineral 
analysis. The chi- square tests do not show any significant difference 
between the adjacent beach and dune sands. This may be due to prevail-
ing off-shore winds in the area. Both the environments have sub-angular 
to sub-rounded grains. The estuarine and river sands have angular to 
sub-angular grains and these show significant difference (P = 0. 02 - 0. 05) 
from the beach and dune sands. 
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Section 4. 	HEAVY MINERAL STUDIES 
4.1 	Laboratory technique 
Study of the sample fraction retained on the 0.5mm sieve by 
bionocular microscope revealed the absence of any appreciable number 
of heavy mineral grains. So the material retained on the 0. 5mm sieve 
was rejected and the rest of the sample was split by a rotary splitter. 
It was found that approximately 10 grams of sample gave the most con-
sistent results and this amount was used for each sample analysed. 
There was no necessity for the disaggregation and clarification 
of grains. The heavy minerals were separated by introducing approximately 
10 grams of sample Into 150 ml. of bromoforui In a 250 ml. pear-shaped 
separating funnel and stirring at five-minute Intervals over a period of one 
hour. The heavy minerals were collected, washed with water to remove 
bronioform and oven dried. The bromoform was collected by filtration 
under reduced pressure; the water being Immiscible with bromoform is 
readily separated by the use of another funnel. The specific gravity of 
the bromoform was repeatedly checked by a Blake type broinoform hydro-
meter. Complete separation of water from the bromoform can be 
achieved by filtering the bromoform through a thick pad of filter papers under 
reduced pressure. This operation takes very little time and about 98% of 
the bromoform can be recovered. 
In the case of silty sands, the separation was carried out with 




The centrifuge method give, a rapid and efficient separation of grains 
smaller than 0. 125 nun and was very useful for the fractional mineral 
analysis. When a separation failed to yield a mineral crop of more than 
300 non-opaque grains; it was rejected. Normally the entire mineral 
crop was mounted except when it was too large. Large crops of heavy 
minerals obtained were split by Otto (1937) type rnicro.plit and approx-
imately 1000 grains were mounted in Canada c.alaam. To test the satis-
factory work of the microsplit, a series of counts of splits from an 
original sample was taken. The values obtained by various splits re-
mained within the 210 limit of counting error. 
The heavy minerals were identified and counted by means of 
a mechanical stage and point counter. The line-counting method was 
used as it has many advantages over the other methods in which all the 
grains in a number of fields of view are counted (Doeglas, 1940; Van 
Andel, 1950). In the slides 300 grains were identified; the alterites 
(Edelman. 1933) were noted but not included In the count of 300. The 
proportion of alterites was expressed as a percentage of heavy mineral 
counts. The accuracy of a count can be calculated statistically (Dryden, 
1931; Muller, 1943). Three hundred grains were identified and counted, 
as Dryden (1931) has shown that the accuracy increases rapidly with more 
grains counted till a number of 300 is reached. Counting more grains 
gives a relatively small increase in accuracy. In the Appendix VI the 





variation is large for the minerals with higher percentages, but rarely 
exceeds 3 1 6. In most of the cases, the count of 100 grains itself gives 
results slightly different from that obtained from 300 grain counts with 
an error of 5%. In practice,an absolute erroirof 5% for the higher 
percentage is perfectly admissible (Van Andel, 1950),but for the sake of 
consistency 300 grains were counted. 
4.2 	Mineral variations 
The mineralogical composition of a single association may 
vary considerably due to true variations within the association and 
operator variance (of sampling and analysing). To a certain extent 
these variations and the significance of variance can be tested by statis-
tical methods. In the - reset investigation, statistical methods have 
given useful results (cf. Ritteniouse, 1943). The variance in mineral 
species can easily be ascribed to three main factors; source material, 
the transporting medium and the conditions at the place of deposition. 
The last two factors can effectively segregate minerals of different shape, 
size and specific gra'vity,but rarely produce any large scale variations. 
A minor change in the source may not be detected but it is unlikely that 
any major change will not show in the proportion of mineral species,es-
pecially the different varieties of some minerals,, i. e., zircon, rutile, 
tourmaline h'rrblende, etc. The relative influence of size and specific 
gravity is not yet t reed; i&ubey (1933) took specific gravity to be the main 
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factor,while Zonn.veld (1946) suggested differences in original size 
have a larger Influence. 
4. 2. 1 	Mineralogical composition of different size grade 
The mineralogical composition of different size grades of a 
few samples has been studied. This gives a better picture of the 
behaviour of mineral species and the size-frequency distribution curves. 
Fig. 44 shows considerable variation between the grades. Garnet shows 
a sharp increase In amount between 300 - 100 micron grade, while 
rnagn.tite-ilrn.nite, zircon and hypersthene show increase towards the 
finest grade. Alterites and hornblende show a significant decrease with 
the grain size (Appendix VU). Different assemblages occur In different 
grades; in sample 74 the finest grades have a garnet-magnetitel]menjte 
assemblage, where as the coarser grades have a hornblende-garn.t-
•pidote assemblage.. This clearly illustrates the misconstructions 
which could arise from the study of a single grade (Slndowsky, 1949) or 
of selected grade&as iuggested by Rubsy (1933) and Russell (1936). The 
total mineral crop should be studied. 
4. 2.2 	Relation between grain size parameters and heavy minerals 
The number-percentage of some Important heavy minerals have 
been compared with the grain size parameters (First moment, mean, 
median diameter, standard deviation, and sorting). No close relationship 
exists between the parameters and the number percentages of the eight 
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major heavy mineral species. Perhaps there is a slight tendency to 
increase with increase in grain size of alternites and apatite while 
magnetite-ilnieflite and zircon 3110W an inverse relationship with grain- 
size parameters (fig. 45). 
4. 2. 3 	Conclusions on mineral variations 
The size-frequency distribution of the heavy mineral species is 
apparently based on the original size of the grains and the mineral specific 
gravity. No significant relationship has been established between the 
heavy minerals and the grain size parameters. Most of the heavy mineral 
crop is derived from the fine to very fine fractions of the samples (fig. 46) 
thus a variation in the amount of this grade can influence the amount of 
heavy minerals. The normal variations found can be primarily due to the 
supply of material of varying composition. The fractional analyses are 
less influenced by the granular variations than the normal whole sample 
analyses; the fluctuations are more frequent in the finest grades only. 
Relatively useful results can be obtained from the normal whole sample 
analyses while the fractional analyses are time consuming. 
4.3 	Heavy Minerals and their Ar L Distribution 
In addition to the alterites BOhiC 23 species of heavy minerals 
have been identified and they are arranged in alphabetical order below. 
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Anatase 	 Corundum 	 Monazite 
Andalusite 	 Epidote 	 Rutile 
Apatite 	 Garnet 	 Silhixnanite 
Augite 	 Hornblende 	 Spinel 
Biotite 	 Hypersthene 	 Staurolite 
• rooldte 	 Kyanite 	 Topaz 
Chlorite 	 Magnetile-Ilmenite 	Tourmaline 
Muscovite 	 ? ircon 
Minerals and their varieties are for convenience grouped together in 
percentage calculations. Varieties have only been used when they appear 
to have regional and/or genetic significance. Some minerals,which have 
been found only once and therefore have no significant diagnostic import-
ance,are not described here. Micas are usually not used in heavy 
mineral studies as their specific gravity fluctuates around Z. 90,but in the 
present study they are significantly present in one association and re-
peated separations and specific gravity tests have shown reliable sepa-
rations. The results of heavy mineral analyses have been tabulated in 
the Appendix III - V. 
The variations in each of the commonly occurring heavy mineral 
species has been described separately. 
Alte rites 
Alterites are fine to coarse grained minerals or mineral 




of various species. Throughout the area the aiterite percentage varies 
between 1 to Z5 percent; in the river and estuarine sands there is a 
significant decrease In site rite content downstream (fig. 48). The 
estuarine and river sands have the highest alterit. content (from 10 to 
25 percent) and the alterlte appearsto be of schist and mica aggregates, 
hornblende alterites, angite -alto rites and epidote -alto rites. Of these 
varieties,the hornblende and angite alteritas are by far the most 
common. Fractional analyses show a significant increase in the 
alterite content with the increase in the grain size. This is reflected 
in the increase In aite rites towards the low tide zone in the beach sands. 
There is a significant (P = 0. 05) difference in the higher content of 
alte rites in the estuarine sands from the beach sands while no significant 
difference exists between the alterite content of the Northern. Tayport 
and Tentsmuir sands. Significant differences in the mineral percentages 
only occur in different environments (fIg. 49). The coastal dunes have 
the least amount of alteriteap the amount increases towards the lower-
foreshore zone and both the Northern .nd Tentsrnuir sands give this 
pattern. Both the Northern and Tentsxnuir sands have similar hornblende 
and epidote -alto rite varieties. 
Garnet 
Garnet is one of the major heavy detritals in the area. The 
grains are colourless to light pink variety and vary from 21 to 91 percent 




lowest in the river and estuarine sand. They vary from 21 to 38 percent 
with a slight tendency to increase downstream. The Northern sands 
have a significantly (P a 0.07) higher content of garnet than the southern 
Tayport and Tentsmuir sands but both Northern and Southern sands show 
an increase towards the coastal dunes. In the Buddenness sands the 
dark-coloured heavy-mineral lamina* have a very high garnet content 
(up to 91%). 
Hornblende 
Hornblende is a very common mineral and in of two main 
types; one is the common brown-green basaltic hornblende and the other 
a green-blue variety which is found only In the Tentsznuir sands. The 
river and estuarine sands have the highest content (26 - 55%) while in the 
beach sands higher concentrations are found in the lower foreshore sands. 
Normally the dune sands have a lower content of hornblende than the beach 
sands,but in a few cases in the Tentsrnuir and I3uddenness much higher 
(33%) values are obtained. The Tentsmuir sands have a significantly 
higher content of hornblende than the Northern sands. In the Tentsmuir 
sands there is a decrease in the hornblende content (so. fig. 50) in the 
middle part of the area. Northern sands also show a gradual increase 
in the percentage towards Buddenness, Franctional analyses shows that 
the percentage of hornblende increases with the increase in the grain size 
(fig. 44). This may be one of the main causes in the increase in its 





There is a gradual increase in magnetite-ilnienite eastward 
in the estuary with a mean value of 12 percent (fig. 48). Usually dune 
sands have a higher content of these minerals but in a few cases there 
is a slight increase towards the lower foreshore sands,aa in the 
southern parts of Tentamuir Bands. Tentamuir sands ar:e richer in 
these iron ores than the Northern sands. Fractional analysis shows 
that they increase in amount with the decrease in grain site and up to 
60% content is found in the fraction 63 - 33 microns in the dune sands. 
Beach sands also show this correlation with grain size,but the increase 
is not so high as in the dune sands. 
Epidote 
Epidote is present overall in the area varying from 3 to 10 
percent. Three types of epidotes are found; a distinctly pleochroic 
pale yellow-green variety in the river and estuarine sands, yellow and 
colourless varieties in the Northern and Tentemuir sands. Northern 
sands rarely have more than 8% content, while the estuarine and the Tents - 
muir sands occasionally have higher values (fig. 49). There is a slight 
tendency towards increase in epidote with the increase in the grain size. 
Hypers thene 
The amount of hyperathene varies from 0 to 9%; the Tents-
muir sands have a much higher content than the other areas. Normally 




Estuarine sands have 0. 3 hype rsthene - a relatively lower content than the 
Northern and Tentemuir sands. 
Zircon 
Zircon is a minor constituent in the area with values rarely 
more than 91%, the mean value being 376. In the river and estuarine sands 
low values of zircon (1 - 2 176) are obtainedwhile a significantly higher 
content is found in the Northern and Tentemuir sands. There are two 
varieties of zircon; the common -colourless variety and the rare purple-
brown variety. Fractional analyses show, an increase in the zircon 
content with the decrease in grain size (fig. 44). The purple -brown 
variety forms less than 10 016 of the total zircon content and Its ratio with 
the colourless variety changes little in the Tentsrnuir sands. The 
coloured variety is absent in the river and estuarine sands. There is 
no significant difference in the proportions of coloured zircon between 
the Tentarnuir and Northern sands. 
T ourrna line 
Tourmaline is seldom in amounts more than 2 1 6,and is 
less than 116 in many of the Northern sands. Three varieties of 
tourmaline are present light brown, blue and green. The blue type 
is found In the Tentemuir sands ,while the other two varieties occur in 
the other areas. Proportions of tourmaline are too small to give any 
significant ratio between the different varieties but the brown variety 
, 
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is the most common in the whole area. 
B iotite- Muscovile 
Biotite and muscovite micas are present in amounts up 
to 6% in the river and eatuarine sands but virtually absent izthe other 
sands. The proportion Increases with the grain size and there is a 
gradual decrease downstream. 
The distribution of minor constituents of heavy mineral 
suite is given In the appendix. 
4.4 	Heavy Mineral Association 
The mineral association is that combination of minerals 
which characterises a sediment that belong to the same source-rock 
province. The standard composition of an association can be defined 
by investigating the percentages of various heavy mineral species and 
the number of samples In which each percentage occurs (fig. 51). 
Variation studies reveal the existence of 3 major types of heavy mineral 
associations; their characteristics are given in the table 3 and the 
distribution in Fig. 53. 
4.4. 1 	N-Hornblende Association 
The N (= Newburgh) hornblende association consists of 
hornblende (26 - 55 1fo) garnet (20 - 38 1Y6), iron ores, epidote. micas and 
lesser amounts of chlorite, angite, staurolite and zircon. This 




Tbe mineral profile diagram (fig. 48) shows a high hornblende/garnet 
ratio which gradually decreases towards east. The hornblende 
varieties are the common brown-green type and the dark-brown 
basaltic variety. the former being the more frequent. Garnet is of 
the light pink and colourless variety and does not show any significant 
difference In variety from those of the other associations. The micas 
are biotile and muscovite with a higher proportion of the lager. Epidotes 
are of the yellowish-green type,together with a few colourless grains. 
The yellow-green epidotes are in higher proportion than In the T- and 
M-Garnet associations further downstream. Toia11ne Is of the  
brown and green type; while zircon consists of enhdral to su.bhdr..l 
grains of the colourless variety. The alterite percentages are nuch 
higher (10-25:) than those of the Northern sands and the grains are of 




TABLE 3 Table showing distribution of some 
characteristic heavy-minerals in the 
heavy-mineral associations of the Tay 
estuary region. 
Heavy Mineral N- Hornblende M- Garnet T- Garnet 
Species Association Association Association 
Alterites 10 — 25% 7 — 16% 4 — 25% 
Andalu.site 0 1% 
Augite 0 — 2% 
Biotile-Muscovite 1 — 6% 
Brookite 0 — 1% 
Chlorite 1 — 476 0 - 1% 0 — 170 
Corundum 0 — 1 0/0 
Epidote 4— 10% 2 — 6076 1 — 1010 
Garnet 20 — 3876 44 — 91 0% 28 - 6676 
Hornblende 26 — 55% 10 - 3976 1 — 38% 
Hype rsthene 1 — 3% 1 — 57o 0 — 9% 
Magnetile-Ilmenite 7 - 22% 2 — 1716 8 — 2616 
Monazite 0 — 110 
Rutile 0- 150 0- 1% 
SpInel 0 — 1-70 
7ircon 0 — -io 2 - 6% 1 — 9% 
4.4.2 
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M- Garnet Association 
The M (= Monifefth) garnet association has,very hih 
proportion of garnet (44 - 9116) hornblende (10 - 39%) iron ores 
(2 - 17016) and lesser percentages of epidote, hyperBthene, rutile and 
zircon. The alterite percentage vary from 7 to 16%,and the a1tertes 
are mostly of hornblende -alto rite and epidote -alto rite variety. Garnets 
are of the common colourless and very light-pink varieties while the 
hornblende is of common brown-green variety. Tourmaline is made 
up of the brown and green varieties; most of the zircons are mostly 
colourless with a small number of purple-brown grains in a few samples. 
The M- Garnet association is very similar to the T (= Tentamuir) 
garnet association but contains much more garnet and a few grains of 
purple-brown zircon (see Table). The chi-square test does not show 
any significant (P = 0. 03) variation betwee' these two garnet 
association. But normal mineral studies s tow that this association 
can be separated from the T- garnet association by the absence of 
monazite and corwnclum. Both garnet associations can be distinguished 
from the N- hornblende association on the basis of hornblende /garnet 
ratio, higher zircon content, lower percentage of chlorite, and the 
absence of andalusite, angite. micas and rutile. 
The M- garnet association is found in the Northern sands 
where it shows considerable variation in the percentage of various 
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varies especially near the central region with increase in garnet 
content towards the coastal dunes. This garnet/hornblende 
relationship is frequent in both T - and M- associations. In the 
Northern lower foreshore sands garnet and alterites increase gradually 
towards east. All other mineral species show no significant variation 
In this Northern sand area except slight variations In epidote. 
hyperathene and iron ore--, . In the Budden ness very high concentration 
of garnet (up to 91%) are found in the sands near the foot of coastal 
dunes. These high grade garnet deposits are formed by reworking 
of the coast dunes by wave action. Coastal erosion is very marked In 
this region and study of old maps shows that in last 100 years 
approximately 30 acres of Barry sand dunes have been eroded away. 
4.43 	T- garnet Association 
The T (= Tontamuir) garnet association is very similar 
to the M- garnet assoclation,but contains a lesser amount of garnet and 
a much greater percentage of zircon, epidote hyperathene and alterites. 
Monazite and corundum occur in small amounts; they are absent in the 
other two associations (fig. 51). The association has high percentages 
of garnet (28 - 66016), hornblende (1 - 38%). iron ores (8 - 36 016), epidote 
(1 - 10%), hyperathene (0 - 9016), zircon (1 - 9%),and smaller percentages 
of corundum, monazite • chlorite and rutile. The alts rites range between 
4 - 25% and are of hornblende - and epidote - alterite varieties. Most 
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of the garnets are of the light-pink variety with a few colourless grains. 
Two types of hornblende are found, the common brown-green variety 
and green-blue variety 1 - 2% of the total percentage of hornblende. 
Epidotea are the light yellow and colourless varieties similar to those 
of the M- garnet association. Three varieties of tourmaline are found; 
brown, green and blue. The last (blue) variety is only found in this 
association In the T- garnet association considerable variation in the 
mineral percentages ofarious species is observed (see figs. 49 and 50). 
Alterite percentage decreases gradually towards the south especially 
in the dune sands. Normally a gradual decrease occurs in t alterite 
content when followed (on the mineral profile diagram fig. 50) ilong the 
beach from lower foreshore towards the coastal dune eands,exccpt near 
the northern edge of the Tentamuir sands. Garnet Increases towards 
the central part of the Tentamuir sands; a similar trend is also 
exhibited by magnetile-ilmenite grains which are more abundant in the 
dune sands. Minimum percentages of hornblende are observed In the 
central part of the Tentamuir sands. This gives variable garnet/horn-
blende ratios which increase towards the central Tentamuir sands. This 
antipathetic relationship with garnet also exists for hyperathene and 
epidote. 
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TAB LE 4 Mineral associations and the distribution 
of different varieties of heavy minerals 
Mineral 	N- Hornblende 	M- Garnet 	T- Garnet 
Association Association Association 
Alterite 	Hornblende- Hornblende - Hornblende- 
E pidote - E pidote- Epidote- 
Augite and others and others and others 
Garnet 	Light pink and Light pink and Light pink and 
Colourless Colourless Colourless 
Hornblende Brown-green 	Brown-green 	Brown-green 
Red-brown - 	 Green-blue 
Epidote 	Yellowish-green Yellow and 	Yellow and 
Colourless Colourless 
Zircon 	Colourless 	Colourless 	Colourless and 
- - 	 Purple-red variety 
Tourmaline Brown 	 Brown 	 Brown 
Green Green Green 
- 	 - 	 Blue 
The Tayport sand shows T- garnet association distribution 
and do not show any significant (P = 0. 17) variation from the T- garnet 
association of Tentemuir sands. In the Tayport sands slightly higher 
valuesof hornblende are tained with some biotite-muscovite which 
probably are from the N hornblende association upstream. A study of 
several heavy mineral samples from the same T- garnet association 
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showed that no significant relationship exists between the mean size 
of the heavy minerals and the mean size of the sediments. Similar 
results are obtained for sorting and heavy-mineral size. These 
observations are In accordance with previous results of 	Van Andel 
(150), Van Andel and Postrria (1954), Muir (195$). Thus the size. 
frequency distribution of & heavy mineral assemblage is mainly a 
function of the source material and their limited size ranges are 
Insufficiently sensitive to sorting. 
4.5 	Provenance of the heavy minerals 
Various heavy minerals and their varieties are considered 
with the relation to the Information regarding their possible source rock 
types. Only those minerals are discussed in detail which help In 
provenance reconstruction. Direct Information is obtained by consideration 
of the extent of the Tay drainage basin and other streams affecting 
the estuary. Fig. 54 illustrates this drainage system extending across 
Maine and DalraIl*n rocks, igneous rocks associated with the Dalra 44an 
metamorphics, Highland Border Series, Basaltic and andesitic lavas 
of the Middle Old Red Sdatne. Old Red Sandstones and the 
Carboniferous formations of File. 
In the Grampian Highlands, the Moms series have abuaclaat 
ica in the iuscv'itc-hitite gnets, aLcait 	:net in the p&itc 
se:-ru-?elitic 1ei,ic 	iiJ oiBitC-gral4Ulites. H.:w1nde is wi 	re-- r'  
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in the hornblende and other schiats. The Dairadian series have 
various mica- schists, gneis see and green-beds with abundant chlorite 1 
epidote and iornblende. The intrusive igneous rocks are the granites 
ofhCentr: 1  Highland, felsites, quartz-perphyry,with the main heavy 
mineral constituents as apatite, biotite ,ho rnblende, monazite, muscovite, 
zircon etc. Mackie (1923) has studied the heavy minerals in the Old 
Red Sandstone formations. The Heavy mineral suite of Middle Old 
Red Sandstone consists of dominant garnet with abundant iron ore, rutile, 
monazite, stau roUte, etc., but rare tourmaline and zircon. The upper 
Old Red Sandstone formations have zircon as the main heavy mineral 
with abundant tourmaline ruffle, anatase, monazite, etc. but garnet is 
rare or absent. The main minerals of igneous rocks of the lower Old 
Red Sandstone series are biotite, apatite, zircon, tourmaline, hornblende, 
iron ores and augite. 
Ho rnblende 
Three varieties are found in the Tay sands the common 
hornblende (brown-green) basaltic hornblende (red-brown) and 
metamorphic hornblende (blue-green). The metamorphic variety has 
probably been derived from the Moine and Dairadian series while the 
basaltic variety could have originated in the basaltic and andesitic lavas 
in the Lower Old Red Sandstones. The common variety of hornblende 




Three varieties o 4'tourmaline are, corded in the 
associations. The well-rounded grains of blue tourmaline (type 2 of 
Krynine's (1946) classification) are probably of pegmatitic origin. 
Brown tourmaline (type 3b, Krynine 1946) are derived from slates 
phyllites or basic schists. Green tourmalines (type 1. Kryuine 1946) 
are derived from granites and pegmatites. Only 6% of the newer 
granites of the Highlands contain tourmaline (Mackie 1932). Higher 
percentages of brown tourmaline and green varieties are reported 
from the older foliated granite. (40%) and 2016 of the pegmatites contain 
blue and brown varieties. Minute amounts of tourmaline are found In 
the Dairadian (Barrow 1893);  green grains are present in the garnet- 
schists and the blue variety in limestones and staurolite-schists. Lesser 
amount of green and red-brown varieties are reported from the Molne 
gneiss. In all the associations brown and green varieties are present 
while a few grains of the blue variety are obtained in the T -garnet 
association. Most of the tourmaline in the area is derived from the 
Moine and Dairadian formations of the Highlands. 
Zircon 
This mineral is one of the most ubiquitous of heavy minerals, 
thus its presence does not Indicate the provenance with any precision. 
Some attention has been paid to study the varietal properties in different 
rock types by numerous investigators (e. g. Tyler and Marsden 1937 
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Tyler, 1940, S]avilc, 1952; Poldervaart, 1955 9 1956; Muir 1958 
etc.) 
The zircon elongation (length-breadth ratio) was determined 
for each assocation and the percentage computation was carried out 
on the b;is of a visual chart (fig. 55). In the N- hornblende association 
the zircons are quite long. 21 916 have elongations over 3.0 (16 1 6 in 3.0 
3. 5 class and 5% in 3.5 - 4. 0 class) Most of the zircons are euhedra] 
and have well developed faces. Such zircons have probably come from 
granites, pegmatites and possibly foliated granites of the Highlands 
(Mackie, 1932; Wyatt, 1954; Muir, 1958; Dalziel, 1963). In the 
2.0 - 3. 0 class there are 56% zircons; these are mostly derived from 
the contaniinated granites, aplites and granodiorites. Some of the 
Moine and DalradIan schists could have contributed to this class. Most 
of the 32% zircons of the 1. 0 - 2. 0 class have probably been derived 
from the reworked sediments of Molne and Dairadlan series. 
The zircon elongation studies reveal no significant difference 
between the N- and T- garnet associations. Most of the zircons belong 
to 1. 0 - 2.0 class, therefore it is apparent that most of the zircons 
in these two associations are derived mainly from garnetiferous schists, 
- gneisses, quartzites and partly from the granites, pegrnatites and other 
acid igneous rocks. This suggests that most of the sediment in these 





and Dairadlan rocks. 
4.6 	Distribution and Possible Horizon of Source Rocks 
Three heavy mineral associations have been shown to 
exist In the recent sediment of the Tay estuary region and It could be 
visualized that three different types of source area are involved. But 
a. closer study of the three mineral associations and the provenance of 
the different heavy mineral species gives a different picture. All the 
three mineral associations have detrital mineral suites characteristic 
of a metamorphic region (andaluette, garnet, hornblende, kyanite, 
siflimanite, staurolite, etc. Y with acid igneous rocks (anatase, augite, 
brookite, hyperathene, magnetite -Ilmenite, rutile) and pegmatites 
(topaz, tourmaline. :ircon). The mineral assemblages show similarities 
with those of the Middle Old Red Sandstone In the dominance of garnet 
with abundant iron ores with rare tourmaline and zircon (Mackie, 1923) 
It Is apparent that all the three mineral associations have 
been derived from the same mineral province in which metamorphic rocks 
predominate. Most of the material has been derived from te Grampian 
Highlands and the Old Red Sandstone of the Midland Valley south of 
the Highland Boundary fault. Differences In the three associations are 
due to the later processes of reworking and Influx of fresh material. 
In the N- hornblende association ther3 is a greater amount of basaltic 
hornblende which is mostly derived from the basaltic and andesite lavas 
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of th: Lower Old Red Sandstone. Biotite 	1 muscovite are 
only present in this aasocition s 	..r.a occupied by this 
association is nearest to the Highland drainage. These 
micas are not present in the other associations as these 
minerals are unstable and are not preserved in the more 
rigorous )nditiona under which the garnet-associations 
have formed. The presence of au3ite is due to local 
SAi'cL 
contributions from the lavas(of Lowe: Ol' .e stone) to 
the original pa:ent Highland assemblage. TLe high garnet 
content in the M and T garnet associations is due to the 
enrichment of garnet sands in the coastaldunes. Normally 
dune sands have the highest content of heavy minerals(flg. 56). 
In the M garnet association of the Northern sands very high 
garnet percentages are obtained from wave reworking f 
dunes as well as some from the sediment brought down by the 
river. In the T garnet association fairly high garnet values 
are due to spread of dune sanris on the beach by the strong 
cycle of offshore winds. Zi con elongation study shows no 
significant difference In the so cea of M and T garnet 
associations. The presence or absence of other minor heavy 
minerals may be due to chance variations as these variations 
are seldom more than 116 (1. e. corandum. monazite, blue-green 
ie 1 e LC. ). 	Qat ~. ioutions LVOM the iocai caiciIeou 
indatonce could also be the cause of minor variations in the 
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Section 5 	SUMMARY AND CONCLUSIONS 
The Tay area has been divided on the basis of various environ-
ments present and emphasis has been placed on the characters which 
differentiate the sediment in various environments. 
The sediments show various types of sublenticular laminations. 
Marsh laminations are characterised by undulating nodular Lami nae 
mostly composed of silty sands and sandy i1tB with abundant rootlets. 
Rippled laminae are absent. The tidal flt have more regular laminae 
composed of flue to meliurr sand and silty sands. Rippled laminae are 
observed and heavy mineral laminae are absent. Three types of lamin-
ations are found In the beach environments. The backahore sands have 
low landward dips while the upper foreshore laminae have low seaward 
directions of dip. Both types of laminations are characterised by well 
sorted fine to medium fine sands with well developed heavy mineral laminae. 
Rippled laminae are frequent and there is a noticeable absence of silt and 
clay. The lower foreshore sands have coarser sands than the other two and 
the irregular laininae have high values of seaward dip. Heavy mineral 
lamhiae are not so well developed as in the other parts of the shore. 
Coastal dunes have an abundance of cross-laminations with varying orienta-
tions and amounts of dip ; ]aminae are very thin and consist of fine to very 
fine sand with streaks of heavy minerals. Various ripple and nil structures 
are studied; a very flat ripple variety occurs In the Barry sands. One 
mega structure - the mound structure-is found in the Budden ness and Gaa 
5. 
	 M. 
Banda,which has not been previously reported. Other types of 
mega structure are found in the sandy parts of the estuary and 
on sand banks and spits. 
The grain-size distribution reveal three major types 
of distribution curves and it is possible to distinguish sediments 
of various environments from each other. Statistical studies 
show that the moment measures are the best statistical 
parameters for environmental studies. These measures are 
not applicable in the case of open-ended distributions; in these 
cases graphic parameters may be used. Inman's graphic 
parameters are of little value in the environmental stucl 4 es. 
Thus a combination of distribution curves and moment measures 
should be used to describe the size-frequency distribution of 
sediments. The results of the study of the roundness of 
grains from various environments does not show any 
significant differences between beach and dune sands. This 
is mostly due to offshore winds mixing up the grains of the 
two environments. River and estuarine sands are more 
angular than the beach and dune sands. 
Heavy mineral studies reveal no significant 
relationship between the mineralogical composition of a 
sample and its grain-size distribution. The mineralogical 
compositior of a sample depends on the mineral content 
5. 	 87 
of different size grades in which the role of the original size 
of the minerals iimportant; most of the ~ ie rals are 
derived from the fine sand :ac1ons. Dute ands have 
the highest percentage content in the fine sari/coarse silt 
grade than any other type B-T1lR. Three types of mineral 
associations are found and all are derived from the same 
source area which consists of the metamorphic Moine and 
Dairadian rocks with associated igneous masses together 
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-APPENDIX I 
Grain Size Parameters and Type of Grain Size Frequency Distributions. 
Station M6 HO 6Tq ,/02 K' 6 Remarks 
1 1.13 1.19 0.55 +0.11 +0.34 0.77 1- 
2 1.24 1,18 0.45 -0.13 -0.16 0.62 F M 
3 1.43 1.39 0.47 -0.09 +0.05 0.84 F 
4 1.56 1.66 0.56 +0.18 +0.32 0.70 F 
5 1.16 1.55 0.46 +0.85 +0.64 0.73 F M 
6 1.92 1.90 0.54 -0.04 +0.40 1.25 F M 
7 2.00 1.92 0.49 -0.16 -0.60 0.72 F M 
8 2.11 2.14 0.50 +0.06 +0.43 1.05 F M 
9 2.15 2.19 0.47 +0.09 +0.38 0.98 F M 
10 2.56 2.63 0.58 +0.12 +0.30 0.89 F M 
11 2.76 4.08 2.08 +0.64 ... ... F 
12 2.56 2.83 1.09 +0.58 . . F M 
13 2.32 2.41 0.56 +0.04 +0.23 0.69 F M 
14 2.37 2.46 0.44 +0.07 +0.17 0.88 M+pebbles 
15 2.72 2.68 0.41 +0.14 +0.36 0.93 M 
16 2.29 2.15 0.70 +0.54 +0.76 0.63 M C 
17 3.16 3.47 1.43 +0.76 +0.53 0.84 M S 
18 2.77 3.25 2.21 -0.34 -0.02 1.32 FM+pebbles 
Station MdA mo 46z /' Remarks 
19 1.21 . . . . . BM+pebbles 
20 1.89 1.94 0.47 -0.32 -0.53 0.86 M 
21 0.96 . . . . . BS+pebbles 
22 1.73 . . .. . . BM+Pebbles 
23 1.23 . . . . . BM+granule 
24 2.32 . . . . . BS+granule 
25 4.32 . . . . . BS+pebbles 
26 2.97 . . . . . MS 
27 3.23 . . . . . BS+granule 
28 4.03 . . . . . MS 
29 2.75 . . . . . BM+granule 
30 3.84 . . . . . BS 
31 2.98 2.74 0.67 +0.07 +0.21 0.68 M S + granule 
32 2.70 2.65 0.36 -0.14 -0.54 0.88 M 
33 2.39 2.36 0.36 -0.09 -0.19 0.92 M 
34 2.53 2.56 0.38 +0.08 -0.01 1.63 M + pebbles 
35 2.76 2.72 0.41 -0.11 -0.65 1.53 M 
36 2.82 2.77 0.27 -0.18 -0.76 2.05 M 
37 2.73 2.59 0.41 -0.34 -0.94 0.44 M + pebbles  
38 2.51 2.39 0.56 -0.22 -0.46 0.85 M 
39 2.39 2.46 0.32 +0.21 +0.50 1.16 M 
40 2.50 2.42 0.39 -0.22 -0.49 0.84 M 
41 2.26 2.22 0.29 -0.14 -0.48 1.14 M 
Station Mdó z Remarks 
42 2.60 2.61 0.29 +0.01 -0.03 0.95 M 
43 2.64 2.58 0.33 -0.26 -0,24 0.91 M 
44 2.60 2.52 0.42 -0.06 -0.24 0.76 M 
45 2.30 2.25 0.37 -0. 1 -0.31 0.80 M 
46 2.51 2.48 0.30 -0.08 -0.49 1.27 M 
47 2.52 2.50 0.30 -0.08 -0.23 0.87 M 
48 2.49 2.48 0.30 -0.05 -0.30 0.83 M 
49 264 2.63 0.41 -0.02 -0.39 0.34 M 
50 2.59 2.54 0.29 -0.17 -0.17 0.97 M 
51 2.54 1.43 0.36 -0.03 -0.53 0.86 M 
52 2.53 2.43 0.42 -0.23 -0.50 0.73 M 
53 2.44 2.41 0.42 -0.07 -0.31 0.75 M 
54 2.46 2.39 0.37 -0.18 -0.48 0.75 M 
55 2.42 2.36 0.38 -0.17 -0.45 076 M 
56 2.36 2.30 0.39 -0.16 -0.42 0.78 M 
57 2.27 2.36 0.38 +0.25 -0.36 0.36 M 
58 2.30 2.23 0.42 -0.21 -0.36 0.48 M 
59 2.54 2.46 0.35 -0.23 -0.66 1.06 M 
60 2.53 2.43 0.39 -0.25 -0.70 0.91 M 
a 
61 2.53 2.41 0.38 -0.31 -0.69 0.96 M 
62 2.52 2.41 0.40 -0.27 -0.74 0.76 M 
63 2.51 2.41 0.36 -0.27 -0,80 0.94 M 
64 2.54 2.47 0.36 -0.19 -0.50 1.06 M 
Station Md6 	M 	!!~56 	o<::lq> 	c462 	,49' Remarks 
65 2.32 2.25 0.47 -0.16 -0.39 0.62 M 
66 2.50 2.48 0.31 -0.06 -0.23 1.07 M 
67 2.49 2.40 0.36 -0.25 -1.09 1.06 M 
68 2.44 2.41 0.36 -0.08 -0.04 0.92 M 
69 2.36 2.29 0.35 -0.20 -0.50 0.92 M 
70 2.31 2.14 0.45 -0.37 -0.44 0.75 M 
71 2.51 254 0.58 +0.05 -0.02 0.41 M 
72 2.48 2.41 0.52 +0.01 -0.00 0.54 M 
73 2.36 2.30 0.45 -0.13 -0.25 0.72 M 
74 2.32 2.22 0.41 -0.24 -0.40 0.74 M 
75 2.36 2e25 0.37 0.29 0.49 0.77 M 
76 2.06 1.89 0.60 -0.28 -0.42 0.44 M 
77 2.56 2.58 0.38 +0.05 +0.03 0.34 M 
78 2.72 2.73 0.33 +0.09 +0.01, 0.66 M 
79 2.47 2.46 0.35 -0.02 -0.21 0.89 M 
80 2.59 2.60 0.24 +0.02 0.06 0.81 M 
81 2.53 2.52 0.24 -0.04 +0.14 0.56 M 
82 2.47 2.45 0.24 -0.08 -0.10 0.73 M 
83 2.47 2.43 0.26 -0.15 -0.62 1.06 FM 
84 2.40 2.31 0.33 -0.27 -0.65 0.94 FM 
85 1.75 1.39 0.98 +0. 32 +0.58 0.87 F 
Alk 
Station Md6 N1C 6T 4/, Remarks 
86 1.38 1.21 0.76 +0.28 +0.18 0.64 F 
87 1.32 1.10 106 +0.08 +0.38 0.59 F 	+Grauule 
88 1.50 1.26 0.64 +0.21 +0.63 0.62 F 
89 1.28 1.26 0.55 +1.07 +0.26 0.69 F 	+ 	granule 
90 2.03 2.58 0.58 +0.18 +0.37 0.86 FM 
91 2.00 1.91 0.43 -0.21 -0.77 0.94 FM 
92 3.38 3.15 0.84 -0.28 -0.10 0.93 M S 
93 2.51 2.35 0.49 -0.34 -0.76 0.90 M + 	pebbles 
94 2.85 2.86 0.33 +(). 02 0.00 0.66 FM 
95 2.85 2.83 0.24 -0.08 -0.40 1.23 MS 
96 2.43 2.U4 0.36 -0.37 -0.54 0.87 M 
97 2.30 2.26 0.38 -0.12 -0.27 0.71 M 
98 2.17 2.11 0.45 -0.13 -0.29 0.60 M 
99 2.24 2.25 0.45 -0.09 -0.50 0.99 M 
100 2.35 2.36 0.36 +0.01 -0.65 0.92 M 
101 2.53 2.50 0.29 -0.10 -0.14 0.83 M 
102 2.17 2.13 0.48 -0.10 -0.43 0.72 M 
103 2.39 2.28 0.44 -0.25 -0.53 0.63 M 
104 2.17 2.19 0.47 +0.03 -0.27 0.52 M 
105 2.04 1.97 0.37 -0.19 -0.45 0.88 M 
106 2.04 1.99 0.36 -0.16 -0.45 0.72 M 
Station 	Md6 	 Tz2 / 	Remarks 
107 2.05 2.00 0.41 -0.12 -0.28 0.74 M 
108 1.89 1.84 0.40 -0.13 -0,29 0.64 M 
109 2.33 2.28 0.39 -0.14 -0.12 0.65 M 
110 2.18 2.15 0.35 -0.09 -0.39 1.01 M 
111 2.15 2.10 0.40 -0.14 -0.35 0.82 M 
112 2.35 2.36 0.29 +0.04 +0.07 0.72 M 
113 2.25 2.22 0.29 -0.10 -0.24 0.83 M 
114 2.06 2.05 0.49 -0.03 -0.39 0.67 M 
115 2.36 2.40 0.34 +0.10 0.00 0.82 M 
116 2.08 2.05 0.35 -0.10 -0.28 0.70 M 
117 2.24 2.23 0.30 -0.05 -0.36 0.92 M 
118 2.03 2.08 0.29 +0.16 +0.30 0.63 M 
119 2.27 2.22 0.39 -0.13 -0.54 0.90 M 
120 2.48 2.46 0.37 -0.05 -0.38 1.05 M 
121 2.18 2.04 0.48 -0.31 -0.75 0.85 M 
122 2.60 2.61 0.25 +0.03 +0.08 0.89 M 
123 2.55 2.46 0.28 -0.32 -0.36 0.57 M 
124 2.34 2.32 0.32 -0.05 -0.13 0.87 M 
125 2.51 2.50 0.30 -0.08 -0.12 0.84 M 
126 2.53 2.49 0.37 -0.21 -0.53 0.96 M 
127 2.06 2.02 0.36 -0.12 -0.31 0.75 M 
APPENDIX 11 
Moment Measures and Grain Size Frequency Distribution 
Standard 
Station 	Moan 	Deviation 	Skewness 	Kurtosis Remarks 
1 1.0652 0.8923 +0.6621 4.6174 F 
2 1.1341 0.7512 -0.7636 5.3881 F M 
3 1.3237 0.8241 -0.5426 3.0996 F 
4 1.9389 0.9873 +1.1426 3.6621 F 
5 1.0113 0.7634 +1.5021 4.3428 F M 
6 1.8274 0.7230 -0.1629 5.0887 F M 
7 2.0975 0.8613 -0.9621 4.2981 F M 
8 2.2120 0.5612 +0.3638 3.9974 F M 
9 2.0293 0.9723 +0.5454 4.6753 F M 
10 2.8832 1.2201 +0.7284 5.6670 F M 
32 2.6394 0.4509 -1.1352 6.2767 M 
33 2.3548 0.4181 -0.1380 4.6692 M 
34 2.5887 0.4855 +1.0674 5.4870 M 
35 7.7207 0.6161 -0.7640 4.6690 M 
36 2.7639 1.5194 -0.7745 5.3681 M 
37 2.6072 0.5797 -1.0703 4.7579 M 
38 2.7589 0.7332 -0.5402 2.9699 M 
Standard 
Station Mean Deviation Skewness Kurtosis Remarks 
39 2.4467 0.3592 -0.1689 4.3137 M 
40 2.4170 0.4546 -0.7428 3,6957 M 
41 2.2298 0.4439 -0.0587 7.3405 M 
42 2.6141 0.3705 -0.2255 5.2198 M 
43 2.6211 0.4063 -0.2793 4.9563 M 
44 2.5638 0.4825 -0.3216 3.8182 M 
45 2.2400 0.4127 -0.5694 4.1961 M 
46 2.4854 0.3606 -0.8154 5.9276 M 
47 2.4931 0.3600 -0.6639 5.6239 M 
48 2.4637 0.3533 -0.7204 5.5918 M 
49 2.5995 0.3665 -0.7449 6.7666 M 
50 25619 0.3734 -0.5441 5.2929 M 
51 2.4796 0.4101 -0.7756 5.2946 M 
52 2.4367 0.4545 -0.7258 4.2994 M 
53 2.4027 0.4479 -0.6836 4.0529 M 
54 2.3064 0.4195 -0.7939 4.1879 M 
55 2.3593 0.4192 -0.9751 4.7741 M 
56 2.3888 0.4181 -1.2326 5.7646 M 
57 2.2684 0.4654 -1.0115 5.3616 M 
58 2.3247 0.4453 -0.9867 5.7620 M 
59 2.3902 0.4366 -0.7941 5.8493 M 
Standard 
Station Mean Deviation Skewness Kurtosis Remarks 
60 2.3798 0.4503 -0.5885 5.6517 M 
61 2.3979 0.4724 -0.7279 5.6174 M 
62 2.3761 0.4930 -0.8977 5.2256 M 
63 2.3524 0.4198 -1.0305 5.9526 M 
64 2.3907 0.3808 -0.6329 6.2482 M 
65 2.2034 0.5454 -.4571 2.5286 M 
66 2.4418 0.3794 -0.47t6 4.6113 M 
67 2.3624 0.4994 -1.1192 4.8878 M 
68 2.3834 0.4069 -0.3579 4.4313 M 
69 2.2924 0.4231 -0.3692 5.8521 M 
70 2.1717 0.4590 -0.3978 2.8879 M 
71 2.5154 0.5344 -0.1350 2.8981 M 
72 2.4292 0.5238 -0.1101 3.1812 M 
73 2.3098 0.4840 -0.2363 3.6960 M 
74 2.2470 0.4633 -0.0883 5.2093 M 
75 2.2569 0.4537 -0.3195 3.6876 M 
76 1.9354 0.5759 -0.2780 2.3587 M 
77 2.5696 0.3731 +0.3101 4.0132 M 
78 2.7513 0.4138 +0.0290 2.8264 M 
79 2.4451 0.4408 -0.2635 4.3531 M 
80 2.5844 0.3172 +0.5179 4.3625 M 
Standard 
Station Mean Deviation Skewness Kurtosis Remarks 
81 2.5150 0.3206 +0.3818 4.7785 M 
82 2.4275 0.3014 -0.0311 5.4996 M 
83 2.3950 0.3711 -0.7605 5.7197 FM 
84 2.3066 0.4268 -0.8160 4.7793 F M 
85 1.0052 0.9897 +0.0634 6.4208 F 
91 2.3900 0.5852 -0.7141 3.7178 FM 
92 2.8695 0.4023 -0.5717 5.0596 MS 
93 1.9279 0.4902 -0.6543 4.0703 M 
94 2.9099 0.4051 -0.1922 3.4153 FM 
95 3.2447 0.8253 -0.6755 2.5051 MS 
97 2.2467 0.4265 -0.3306 4.1024 M 
98 2.1096 0.4713 -0.3962 3.0960 1.4 
99 2.0007 0.4653 -0.4329 4.0217 M 
100 2.2816 0.4-1 -0.9208 4.4055 M 
101 2.5054 0.3675 +0.0603 4.2693 M 
102 2.1160 0.5107 -0.5870 3.1653 M 
103 2.2888 0.4783 -0.6603 3.4464 M 
104 2.1258 0.4546 -0.4230 3.2161 M 
105 1.9652 0.4179 -0.7304 3.4527 M 
106 1.9708 0.4199 -0.4830 3.2188 M 
Standard 
Station 	Mean 	deviation 	Skewness 	Kurtosis 	Remarks 
107 1.9929 0.4656 -0.3007 2.9039 M 
108 1.8232 0.4329 -0.2251 2.0090 M 
109 2.2900 0.4442 -0.1064 3.5791 M 
110 2.1378 0.4269 -0.4706 4.3687 M 
111 2.0998 0.4688 -0.3716 3.7471 M 
112 2.3645 0.3316 +0.2082 5.0874 M 
113 2.2194 0.3479 -0.4444 4.7901 M 
114 1.9858 0.5154 -0.4062 3.0165 M 
115 2.4651 0.3184 +0.3582 3.8428 M 
116 2.2897 0.4420 -0.7232 5.6227 M 
117 2.1993 0.3440 -0.4823 4.6075 M 
118 1.9806 0.4381 -0.4460 3.0846 M 
119 2.2104 0.4671 -0.6428 4.2131 M 
120 2.4885 0.5142 -0.5810 5.6331 M 
121 2.0493 0.5231 -0.7893 3.3643 M 
122 2.3015 0.4145 -0.2688 4.1753 M 
123 2.3578 0.4001 -0.2129 4.9946 M 
124 2.0385 0.4032 -0.3893 3.4982 M 
125 2.3500 0.4269 -0.0030 4.9809 M 
126 2.3863 0.4320 -0.4238 4.5320 M 
127 1.9899 0.5007 -0.2594 3.6539 M 
APPENDIX III 
Heavy Mineral Analyses 
(percentage by number, alte rite in of other mineral grains). 
N-Hornblende Association 
Mineral Sample Stations 
1 2 3 4 5 6 7 9 10 12 
Alteritcs 25 22 20 23 19 17 16 14 10 12 
Anatase . 1 
Andalusite . 1 o • 1 • • • 1 
Apatite 1 1 1 1 
Augite 2 2 • 2 . 1 1 • 1 
Biotite& 5 6 4 5 6 3 4 2 1 2 Muscovite 
Broolcite . . • • • 1 
Chlorite 4 3 4 3 2 3 1 3 1 1 
Corundum . . • • • • • • 
1pidote 7 10 4 8 8 7 6 4 6 7 
Garnet 22 20 21 28 26 28 30 30 36 28 
Hornblende 44 40 55 36 41 39 41 49 28 38 
Hypersthene 3 2 1 3 1 1 1 1 1 1 
Kyanite . 1 • . 1 1 • • 1 
Magnetite 
10 12 7 10 13 15 15 10 22 20 Ilmenite 
Mineral 	 Sample 	Stations 
1 	2 	3 	4 	5 	6 	7 	9 	10 	12 
Monazite 	 . 
Rutile 	 . 	 . 
Sillimanite  
Spiel 	 . 	 1 
Staurolite 	 2 	 • 	1 	• 	• 
Topay, • 	1 	• 	1 	 • 	• 	• 	• 
Tourmaline 	 1 	 • 	 • 	• 	• 
•ircon 	 1 	• 	1 	1 	1 	• 	1 	• 
APPENDIX IV 
Heavy tineral Analyses 
(percentage by number, alterite In To of other mineral grains). 
1-Garnet Association 
Minerals Sample Stations 
97 98 99 100 101 103 104 106 109 111 112 113 114 117 119 121 
Alterite 9 12 9 16 9 9 11 16 9 13 7 6 14 12 11 14 
.A.natase . . . . . . . . . . . . 
Andalusite . . . . . . . . . . . • . 
Apatite . . . . 1 . . 1 
Augite  
Biotite- 
. 1 - 1 I • I S • I • 
Muscovite 
S S S S 
Brookite . . • • • • • • • S 
Chlorite • i . . . 1 • 1 .. • • . . • • 1 
Corundum • • • . . • • • • • • • • • • 
Epidote 2 7 5 3 4 3 6 4 3 6 3 . 6 3 4 5 
Garnet 67 50 63 55 60 48 54 44 60 55 77 91 57 46 70 51 
Hornblende 16 28 19 24 17 29 29 39 14 20 9 3 18 30 11 25 
Hypersthene2 3 2 4 5 4 4 2 1 1 2 • 1 3 1 1 
Kyanite 1 . • 1 . 1 . • • . 1 • 1 1 • 2 
9 8 7 9 8 8 2 3 18 10 6 4 126 8 7 menite 
Minerals Sample Stations 
97 98 	99 	100 101 103 104 106 109 111 	112 113 114 117 119 121 
1.(ona*ite . . 	. 	. 	. . . 	. 	. 	. 
Rutile . . 	. 	. 	. . . 	. . 	. 	. 	. 	. 	. 
Si]J.ixx,an.ite  
Spinel . . 	. 	. 	. . . 	. . 	. 	. 	. 	. 	. 
Staurolite  
Topaz . . 	. 	 . . . 	. . 	. 	. 	. 	. 	. 	. 
Tourmaline • 	1 	1 	1 1 1 	1 1 	• 	• 	• 	• 	1 	. 
Zircon 2 2 	3 	2 	3 4 3 	5 2 	6 	1 	2 	4 	5 	6 	6 
APPENDIX Y 
Heavy Mineral Analyse. 
(percezmag. by nwmb.r s alterite in % of other minsral grains). 
T-Garnet A.soca$jon 
Mineral. Sampl. Stations 
35 38 39 44 45 48 49 50 51 52 54 56 59 64 65 67 
Alterit. 19 23 10 14 9 12 9 7 15 11 17 11 8 25 12 
An&t.e 1 • • $ • • • • , • • , • • • 
Andalusite • 1 . . . • . . . . • • • • • 
Apatite • 1 1 1 • 1 . • . . . • 1 1 1 1 
Augite • • 1 • . • • • • . • . . . 
Biotite- . ' I 2 1 • . I • 
Muscovite 
S S I S S 
Brookite • • . • . . a • • • . a • • a 
Chlorite 1 2 1 2 • 2 • 1 • 1 • • 1 1 • 
Corundum . • • . • . • . • • • • • . 
Epidote 7 9 2 6 3 5 2 3 1 2 3 4 8 9 104 
Garnet 38 44 48 39 49 39 48 37 51 43 49 37 42 39 31 46 
Hornbl.nde 18 19 23 25 24 28 27 29 31 33 27 39 25 19 33 17 
Hyper.th.neZ 41 2 1 3 1 6 1 324 3276 
Kyanite • 1 1 1 1 1 • • 1 • . 1 2 2 1 
29 13 20 17 18 16 20 19 13 14 15 12 $ 19 8 17 
I3menite 
Minerals Sample Stations 
35 38 	39 44 45 	48 9 50 	51 	52 54 56 59 64 65 67 
Monazite  
R.utile  
Silhiznanite . . 	. 1 . 	. 1 1 	. 	. 1 • 1 • 1 1 
Spi el • • 	• • • 	1 • • 	• 	• . , • • 
Staurolite • • 	• 1 1 	1 • • 	. 	. • 1 • 1 
'ropa • • 	• • • 	• • I 	• 	• . 1 1 • • 1 
Tourinalinel 1 	• 1 • 	1 • I 	• 	1 • • 1 1 2 1 
Zircon 3 2 	2 1 3 	1 1 1 	2 	1 3 1 6 5 6 5 
Minerals 	 Sample Statiom 
6869707172137475767778798081828384 
Alterite 6 13 18 1 3 7 4 13 13 8 7 6 8 12 13 2210 
Anatase . . . . . . . . . • • . • . 
A.nadaluaite 0 0 ' 
Apatite 1 1 1 
Augite . . . . . . . . . . . . . . 
Biotite - . S • S S S S S • • . S • • . S S 
Muscovite 
Brookite . . 1 . . . . . . . . . . . . . 
Chlorite I • 2 • • • • • 1 • • , • • • • 
Corundi-im 1 • • . 1 • 1 . • 1 . • • • 
Epidote 8 5 10 1 3 6 3 5 11 6 6 5 8 7 9 3 7 
Garnet 35 38 28 59 55 59 66 54 52 55 50 52 49 38 47 36 47 
Hornblende 19 26 38 1 7 11 9 21 14 13 17 18 27 27 18 31 24 
Hyperathene4 9 3 1 1 2 2 7 2 1 1 1 • 9 2 7 2 
Yyauie 1 1 1 • 1 • • • 1 1 1 1 • 1 1 1.1 
19netite- 20 11 8 36 30 17 15 8 12 16 18 18 8 8 17 13 13 
Ilxnenite 
Monazite • • 1 1. 1 1 1 1 1 • 1 • • • 
Rutile 1 • • • • • • • • 1 • 1 • 1 
Silhinmanite 1 • 1 • • • • • 1 1 • 1 1 • • • 1 
Spinel • • • • • • • • • • • • • • • • 
Mineral. Sample Station. 
68 69 	70 	71 72 	73 74 	75 	76 77 78 79 	80 91 	82 	83 	84 
StauroUte 1 • 	1 	. • 	• • 	• 	1 3. 1 • 	I. • 	1 	• 	1 
Topaz 1. • 	I 	. • 	. • 	. 	• • • I • 	• 
Tourmaline  1 	2 	• • 	1 1 	1 	1 1 1 • 	1 • 	1. 	1 	1 
Zircon 5 8 	3 	1 1 	4 2 	3 	3 3 3 3 	3 9 	4 	6 	3 
APPENDIX VI 
Relation between Number % of Grains and accuracy of Counts 
Sample Nr. 115 
Minerals 	 Number % in Counts of 
100 200 300 400 500 600 1000 2000 3000 
A].terites 2 3 3 3 3 3 3 3 3 
Anatase . . 
Andalusite • 
Ap4tite 1 S • V S S 




Chlorite 2 1 1 1 1 1 1 1 1 
Corundum . 
EpIdotc 2 2 1 1 1 1 1 1 1 
Garnet 67 69 68 68 69 69 67 68 67 
Hornblende 10 10 10 9 7 8 7 8 8 
Hyp.rsthene 1 1 1 1 1 1 1 1 1 
Kyanite 1 1 • 1 1 • 1 1 1 
Minerals 	 Number %ln Counts of 
100 200 300 400 500 600 1000 2000 3000 
Magnetite & 11 14 	16 15 16 16 	19 18 	19 
I.lrnenite 
Monazite . 
Rutile . 	 . . 
S L11.iinanite 1 . 
Spinel . . . 
Staurolite 1 1 	1 1 1 1 	1 1 
Topaz . 	 . . 
Tourmaline 1 1 1 1 
Zircon 2 2 	2 Z 2 Z 	2 1 
V11 
Size Grade In Microns 
Minerals 	500 297 251 178 149 124 74 500 1 297 251 178 149 124 74 
to to to to to to to to to to to to to to 
297 251 178 149 124 74 33 297 251 178 149 124 74 33 
Alterites 41 18 16 21 23 10 5 33 25 24 9 8 5 3 
Anatase . . • • • • • S 
A ndalusite . . . . . . . . . . • • • 
Apatite 1 . . 1 • 4 • 1 1 2 
Augite 3 2 1 . . . • • . • • • • 
BiotIte& 9 2 . . . . . . . . 
Mucovite 
Brookite • • . . . • • . • • • • • 
Chlorite 20 2 O 6 12 3 • 3 . 1 . • • 
Corundum . . • • • • • • • • • 
Epidote • • . 11 15 9 1 13 16 11 16 9 3 
Garnet 7 32 44 30 22 31 39 27 41 37 35 55 63 7 
Hornblende 60 54 30 34 34 33 12 46 33 40 27 19 7 
Hyperethene 1 • • 7 7 5 2 1 1 2 1 2, 
Minerals Size Grade in Microns 
500 297 251 178 149 124 74 500 297 251 178 149 124 74 
to to to to to to to to to to to to to to 
297 251 178 149 124 74 33 297 251 178 149 124 74 33 
Kyathte . . 2 1 3 . . . . . 1 
Magnetite 1 2 4 5 8 258 8 5 4 8 2364 Ilmenite 
Monazite . • • 
I uti1e . . • • . • • • • • • • • 
Sillimanite . . . . . . . . . . . . 
Spinel . . . . . . . . . . . . • 
Staurolite 1 
Topaz . . . . . . . . . . . . 
Tourmaline . . . 1 1 • 1 1 • 1 2 1 
Zircon • • 1 4 2 6 161 • 1 2 4 3 27 
APPENDIX Viii 
Program 1 for Moment Measures Computation 
JOB 
U EDIN1 GE 0, MISHRA PROGRAM 1 
COMPILER ATLAS AUTOCODE 
begin 
real x, f, fc, Lx, fxe, fxc, fxu, a, b, c, d, c g 
integer i. J 
array X(1 : 83, 1 : 13) 
cycle i = 1, 1. 83 
cycle = 1, 1,  13 
read (A(i, fl) 
repeat 
repeat 
cycle i = 2, !, 83 
j= 1 
fc = 0; Lx = 0; fxa = o; fxc = o; fxu = o; a = 0; b = 0; c = o; d = o; c = o; g = o 
I : x x (1, j) 
.1 =j+ 1 
2 : wiles. X (i, j) = 999999 then-3 
•j =j+ 1 
-p 2 
3: x (zIX (1, j)) 1 2 
£ = x (i, j) 
Ic z fc+f 
fxfx+f*x 
fxa = Lx.. + £ * 
£xc w £xc + £ * x 4' 3 
fxu = £xu + £ * x 4' 4 
unless j = 13 glen---1 
a Lx I fc 
b a sq rt (fxe / Ic a2 ) 
c = fxc I Ic 3 *a*Lxs / Ic + 2 *a3 
d = fxu/fc - 4 ** fxc I Ic + 6 *2*  Lx. I fc 3 * 4 
e = c Ib* 3 
g = d I b* 4 
print (i 2, 0) 
caption I A A A mean A A; 
print (a, 2, 4) 
caption a 
print (b, 2, 4) 
caption , 	m3 	; print (c, 2, 4) 
caption 4 m4 & ; print (d, 2, 4) 
newline 
CA ption skewness A k; print (s 2, 4) 






Program 2 for Moment Measures Computation 
JOB 
U EDIN, GEO MISHRA PROGRAM 2 21-8-63 TRANS. 217 
COMPUTING 5000 INSTRUCTIONS 
OUTPUT 0 TELETYPE 100 LINES 
COMPILER AA 
begin 
real x, f, Ic, fx, fxs, fxc, fxu, a, b, c, d, e, g 
integer 1, j 
array X (1 : 36, 1: 9) 
new line 
Caption data date 
cycle i = 1, 1, 3 
read (j) 
print , 1, p) 
space 
newline; spaces (5) 
caption mean &&& ad AAAW skewness JA ku.rtoais AW m3 AWAA m4 
cycle i = i, 1, 36 
cycle 3 - 1. 1, 9 
read (X(i, 3)) 
repeat 
repeat 
cycle i xt 2, 1, 36 
3*1 
Ic = o; Lx x 0; Ixe = o; Lxc o; Lxii = o; a = o; b = o; c = 0; d = 0; e = o; g = o 
1 : x = X (1, 3) 
3=3 + 1 
2 : Dnle.3 x (i, 3) 999_thea -'3 
3=3 + 1 
2 
3:xa(x+X(i,J))I2 
£ • x(i, 3) 
Ic Ic + I 
Lx Lx +f x 
fxv • Lx. + £ * 
fxc = £xc + f x'3 
Lxii = Lxii + f * x4 
ml... 3 = 9then-*1 
a = Lx / fc 
b - sq rt (fxe / fc - a2) 
C fxc / fc - 3 *a*fxe  I fc + 2 *a*3 
d = fxu I fc - 4 ** fxc I fc + 6 *2*  Lxi I fc - 3 *4  4 
• = c I bl 3 
g - d I b4 4 
newline 
print (i-i, 3, o); space 
print (b, 2, 4); space 
print (b, 2, 4); spaces (3) 
print (e, 2, 4); space 
print (g, 2, 4); spaces (5) 
print (c, 2, 4); space 
print (d, , 4) 
repeat 
end of program 
APPENDIX X 
Regression Program for Estimating Relationship 
Between Variables (Moment Measures) 
JOB 
U EDIN, GEO MISHRA, PROGRAM REGRESSION 2 TRANS. 320 
COMPUTING 5000 INSTRUCTIONS 
OUTPUT 0 TELETYPE 100 LINES 
COMPILER AA 
begin 
real x, y, xi, xZ, x3, cy, ci, c2, c3 £ 
cyy, cyl, cyZ, cy3, cli, c12, c13, c33, £ 
cZZ, c23, .11, g12, .13, 922, .23, .33 
integ r 
array X(1:4, 1:82) 
cycle j = 1,1,82 
cycle i=1,1,4 
read (X (i,fl) 
repeat 
repeat 
x=o; cyy=o; cyl=o; cy2=O; cy3=o; cll=o 
c12*o; c13-o; c22=o; c23o; c33=o 
cycle j=1,1,82 
X(2, J) w x(z,j)/x(l,j) 
rpeat 




if 1 = 1 then y = x182 
if I = 2 then xl a  x/82 
if I = 3 then xZ = x/92 
if i = 4 then x 3 a  x182 
repeat 
cyclej = 1,1,82 
cy = X(1J)-y 
ci X(2,j)-xl 
cZ a  X(3,j)x2 
cyy = cyy + c!Z 
cyl = cyl + cy*ci 
cy2 = cyz + cy*c2 
cy3 = cy3 + WO 
cli a cli + cl*cl 
c12 - c12 + cl*eZ 
c13 a c13 + ci*e3 
zZ2 • cZ2 + CZ*cZ 
c23 - c23 + cZ*..3 
c33 - c33 + c32 
ret 
captien normal h eqnation. &h; nowline 
print (cyl,4,4); spas.s (3); print (cll,4,4); apace 
print (c12.44) apace; print (c13 4, 4); nowlina 
print (cyz.4,4); spaces (3); print (cIZ4,4); apace 
print (cZ2 4, 4); space; print (c23 4, 4); newUne 
print (cy3, 4, 4); specs. (3); print (03,4,4); space 
print (c23 0 4,4); space; print (c33, 4,4); newlins 
all a eqrt (cli) 
612 c12/611 
.13 • cl3FsIl 
.22 a sqrt (c22-el ' 2 ) 
.23 (c23-s12*a ,l 
833 •qrt (c33.'' _732) 
c33 =1/1332 
c23 = (c33*.23)/.22 
c13 (_c33*e13-c23*a]2)/ all 
c22 = (11 .2Z_e23*.23)/ .22 
c12= (.c23*al3c22*8l2)/ 111 
CU= 	sUc3*s1 c]2*.l2)/ all 
caption Inverse 0. matrix Al; newline 
print (dU,4, 7); print (W. 4. 7); print (c13,4, 7) now line 
space. (12); print (c22, 4, 7); print (c23, 4,7); new]ine 
space. (24); print (03, 4, 7); newline; newline 
c1 cll*cyl+c12*cyZ+c13*cy3 
cZ = cl2*cyl+c22*cyz+c23*cy3 
c3 = c13*cyl+c23*cy2+c33*cy3 
x = .qrt ((cyy_cl*cylc2*cy2_c3*cy3)/ 77) 
caption regression h equation lidd mean 
print (y, 2, 3) 
caption k+; print (ci,2,4) 
caion b+ar -; print (1. 66*x*sqrt(dU), 2,4) 
caption & (ad i-k; print (xl, 2, 3) 
caption )6+k; print (c2,2,4) 
caption &+ or 4; print (1. 66*xaqrt(c22), 2,4) 
caption (ske-neaa - &; print (x2,Z,.) 
caption )d*; print (c3,2,4) 
caption &+ or -k; print (1. 66*x*.qrt(c33), 2, 4) 
caption (kurtosis -; print (x3, 2, 3) 
caption ); newline; newitne 
caption deviations Udi 
cycle j = 1,1,82 
x=x (1, j)_y_cl*(X(2 9 j)_xl).cZ*(X(3, j)_x2)_c3*(X(4, j)-x3) 
print , 2, 0); space 
print (x, 3,4)- space. (3) 
repeat; newline 
end of program 
APPENDIX XI 
Variance Analysis Program 
JOB 
U EDIN, GEO M1SHRA, PROGRAM VARIANCE ANALYSIS TRANS. 000 
OUTPUT 
O SEVEN-HOLE PUNCH 2000 LINES 




real X. y, z 
integer catgrs, factors, items, variates, C. fP it it v 
comment insert values appropriate to data in next two lines 
factors = 3; variates = 11 
items = 82; catgrs = 4 
real array Var (1: variates, 1: items), m, s (1: catgrs) 
integer array Cat (1: factors, 1: items), n (1: catgrs) 
cycle i=l, 1. items 
cycle 1=1, 1, factors 
read (Cat(f, i)) 
repeat 
cycle v=l, 1, variates 




caption Check: S last  rowS of  data 
cycle f=l 1, factors 
print (Cat(f, items), 2, o) 
repeat 
cycle v=l 1. variates 
print (Var(v. items), 2, 2) 
repeat 
now line 
cycle v=l 1, variates 
new line 
caption Variates 
print (v, 2, 0) 
new line 
cycle f1, 1. factors 
caption Factors 
rint (1, 2, 0) 
new line 
cycle c=1, 1, catgrs 
a (c) = o; n (c) = o 
repeat 
cycle i=1 • 1, items 
c = Cat (1, i) 
is (c) = a (c) + Var (v, i) 
n (c) = n (c) + 1 
repeat 
J0; yo 
caption Means S of S categiries 
cycle c = 1, 1, catgra 
if n (c) = o then-1 
print (c, 4, 0) 
in (c) 	s (c) I (c) 
j =J + 1 
y y + in (c) 
print (m(c). 2, 4) 
1 : repeat 
caption grand S mean 
print ((ylj). 2.4) 
new line 
caption variance S within S categories 
x= 0 
cycle i = 1, 1, items 
C = Cat (1, i) 
+ (Var(v, i) - in (c))2 
repeat 
x x / (items -j) 
print (x, 2, 4) 
caption d.f. 
print ((items - j), 2, 0) 
new line 
caption variance S between S categories 
y y / j; z = 0 
cycle c = 1, 1, catgra 
1 z = z + (n (c) * (in (c) - y) ) 
repeat 
z = z / (j-l) 
print (z, 2, 4) 
caption d.f. 
print ((J - 1), 2, 0) 
spaces (4) 
caption variance Sreatioh F 
print ((zlx), 2, 4) 
repeat 
repeat 
end of program 
PLATE I- 
Tray .ample showing pebble-conglomerate 
with laminated silty sands. Sample from 
the tidal flats near Ballinbreich. 
Tray sample showing marsh sediments with 
rootlets lying over Boulder Clay deposit in 
the section near Balllnbreich. 
A 
PLATE 2. 
Clilfed marsh edge with underlying Boulder 
Clay deposit near BaUinbreich. 
Pebble conglomerate in the upper mud flats 
near Ballinbreich. 
yJ 









Aerial photographs of the longitudinal mega - ripples 
in the Tayport sands. Approximate wave lengths 





Aerial photograph of transverse mega - ripples 
in the sand bank off Wormit. Ripples have 
steep sides towards downstream and well rounded 
crests due to ebb - and flood - tidal currents. The 
wave length vary approximately between 5 - 15 
metres and amplitudes from 1 - 2 metres. 

PLATE S. 
Aerial photograph showing poorly developed 
asymmetrical mega - ripples off Broughty 
Ferry. Ripples have steeper aides towards 
upstream. 
Aerial photograph of Abe rtay spit showing 
mega - ripples in the southern curved part of 
the spit. Ripples have steep sides towards 
shore (West). Ripples formed by the west-
ward waves. 

Aerial photographs of northern side of the Abertay spit. 
Irregular sand ridges with crescentic depressions, 
small mounds and smooth surface of the spit. 
a - srna.0 mound 
b - creecentric depression 
c - minor ripples at the edge of 
the sand bank 

PLATE 7 
Cycle of development of mound and mega - ripple 
structures in the Budden Ness and Gaa sands. 
(Plates 7 to 13) 
Aerial photographs of semi - llnguoid mega - ripples 




Cycle of development of mound and mega - ripple 
structures in the Budden Ness and Gas, sands. 
Mega - ripples in the process of destruction by 




Cycle of development of mound and mega - ripple 
structures in the Budden Ness and Gaa sands. 
Mega - ripple crests with 
various sets of superposed 
minor ripples. 
Mound structures appearing in the 
same area at a later stage by the 




Cycle of development of mound and mega - ripple 
structures in the Budden Ness and Gaa sands. 
Aerial photograph showing linear NW - SE 
pattern of mound structures in the Budden 
Ness sands. 
Aerial photograph showing NE - SW trend 





Cycle of development of mound and mega - ripple 
structures In the Budden Ness and Gaa sands. 
Aerial photographs of well rounded mound 
structures in the Gaa sands. 	Mounds showing 
two linear trends; NW - SE trend is better 
developed than the NE - SW trend. 

trctui:eiu Uie iuuueu ebL a 	aa 
Mound structures partly obscure due to the 
deposition in the troughs at a later stage. 
Smooth tmrippled top surfaces of the mounds with 
backwash striations. 

Cycle of development of mound and mega - ripple 
structures in the Budden Ness and Gaa sands. 
Highly rippled mound structures being changed by 
the gradual filling of the troughs. 
PLATE 14 
Aerial photograph of the two directional wave 
interference pattern (NW - SE and SW - NE) 
off Budden Ness. 
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A. Tidal pools formed by the sanu  
in a channel in the Budden san 
LLb 	cLe/'' 
area after an intc:v, 
at a 'ter stae. 

tion through mound structures. ict 
sections show irregular scours cutting 
regular foreshore lamination and filled 
with cross laminated sands. 
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A. Two sections right angles to each ot 
Irregular scouring In both directior 
Clcse i of irregdar la i:i:tos in thc 
mound structures. 

A. Iviici.e :T;:Lcre Q ination w the f 2i pry onn. 
with ; i1eu ia;ia 	a 
D. 	 ijie marku lion a crescent ..J.. 






Regular asymmetrical transverse ripples 
with sub-lunate pattern in the Barry sands. 
Ripples formed by flood tides. 
Regular asymmetrical transverse ripples 
in the Barry sands with small longitudinal 
ridges developed on the ripples. In places 
crests of the ripples broken by stronger 
effect of longitudinal ridges. 

PLATE 20 
Flat asymmetrical ripples in the upper foreshore 
Barry sands. Ripples formed by a thin sheet of 
water during ebb-period. 

r-LATE 2.1 
Ripple structures flattened by wind - generated 
waves In the tidal pools. 	Barry sands. 
Linguoid ripples flattened by the ebb-tide In the 
lower foreshore sands. 

PLATE 24 
Superposed ripples in the Barry sand.. 
Primary set has larger wave lengths and is 
developed by westward waves. Secondary 
set is best developed In the troughs of the 
primary set by the ebb-tide. Southward 
ebb-tide has flattened the crests of the 
primary ripple train. 
Superposed ripples 20 metres west of locality 
In A. Secondary not is better developed than 
the other set. In this part of the beach 
primary ripples have smaller wave lengths 
than in the locality A. 

PLATE 22 
Semi- Jinguoid ripples in the middle fore ahore 
Barry sands. 	Ripples formed by the ebb-tide. 
A set of well developed llnguoid ripples in the 
lower foreshore sands; a few metres towards 




A .et of linguoid ripples In & channel in 
the lower foreshore Barry sands. 
Asymmetrical ripple structures in the 




Small asymmetrical ripples developed by 
the ebb-tide in the troughs of Larger trans-
verse ripples. Larger ripples have rounded 
crests modified by the later tidal currents. 
Structures in Tayport sands. 
Lineations on the asymmetrical ripples of the 
Barry sands. 

Longitudinal striations produced in the 
lower foreshore sands by the backwash. 
Crescent marks around shells produced by 




. 	i1 riarks in silty sands in t'ie 'tua ry ne 
Balllnbreich. Dendritic ril: 
the sands with organic debris. 
B. Braided nil marks in Barry sands. Rills 
with current scoop marks; aon* of the ripple 
marks cut through by current scoops. 

ttr- e 	er:: 	1 
Surface features in a beach chute in the 
Budden Ness sands (note now marks and 
current scoops at the bottom of the chute). 
- direction of flow 
- current BCOO5 

Relationship between forms of bed 




flow 	 flow 
0j7IP. ,4... 
1 Small 	Large 
	
Plane ripples ripples . 	Bars and plane beds 	Waves 	Antldunes 
0010 
Lower flow 	 Upper flow 
0.28 mm sand 	 0.45mm sand 
0000 
0 02 0.4 06 0.8 1.0 -12 1A 	6 
FROUDE NUMBER 
2 - Manning n in relation to bed roughness form, grain size, and How 
Intensity (with modifications, after Simons and Richardson, 1 962) .  
vaiuus percent.iieo on tAie cunulativL 
curves of repeated analyses of each of 
several sample.. There is a wide range 
for percentile, less than 5 and greater 
than 95. 
iacra: slowirig the fluctuations of 
sampling on the accuracy of various 
percentile measurements for a normal 
distribution. The errors are greatly 










- RANGE OF PERCENTILE 	MEASUREMENTS IN THE 
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ACCURACY OF PERCENTILE MEASUREMENTS 
FOR 	A NORMAL DISTRIBUTION 
-A 
O I 	0.5 I 2 	5 	0 16 	30 40 50 60 70 	64 90 95 	99 99 	9 
PERCENTILE 
1 
between bottom sediment (a) and fine 
auspended trii (h) (after Fe1n 
1946). 
	
B. 	Example 01 river beuient nixing L 
the Gulf of ?aria sediments (F - grout) 
(after Tan I '.e1 	::c., 19'3 4 
U A. 	Differentiation o 
(Doeglass, 1950) 
B. 	Example of dIffe 
material from the Gulf of eraia (after 
Van Andel & Poetma 1954). 

b. VF'i ti.:r in c 7. , a J-, 	
0
,P 
beach sands from the Rhone delta. Ti: : 
to a wider variation especiall y  in the finer 
end due to the acid treatment. 
(from Triit and Van Andel, 15 
r1 
lip 
of T - 	e ie 
c'ia.ii-an 	f 	- S serie: 

PLATE 34 
Visual estimation chart used for roundness 
deterrnl*atjon.. 
(from Shepard & Young. I%l) 
A Very angular 
B Angular 
C Sub - angular 
D - 	 Sub-rounded 
- 	 Rounded 
F - 	Well-rounded 
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Title of Thesi.s....... Recent sediments in the . .'thofThyRe gi.on., ................................................................. 
This thesis preents a study of sme aspects of recent sedimentation 
in the Thy estuary region, greater emphasis being placed on the 
environments of depo'ition and their relationship with sediment.ry 
structures, grain size and he vy mineral distribution. 
The iluvil sedimentr are characterised by their medium to medium-
fine nds with F-type distriLution curves. The sediments show a 
gradual decrease in mean size towards the estuary. 
The estu;..rin.--, sediments have fine sand t coare silt size material 
with mixed FM-MS-type distribution curves which gradually chnge to N-
type curves towards the lower reaches of the estuary. Cli f fa.ls have 
given .8 - and iS - type curves in the southern cuffed parts of the 
estuar'. The estuarine sediments have the highest silt/cL y content in 
the area. The marsh sediments are characterised by undulating, nodular 
lamtnae, mostly composed of silty sands and sand silts with abundant 
rootlets. Rippled laminae are absent. The tidal fl,-,t laminations are 
more regular and are composed of fine t very fine silty sands. RI,-pled 
laminae are present ut the heavy-mineral laminae are not ob...erved here. 
Vrious types of current structures are found in the flats, whilq the 
tia:.l channels with sand bank show transverse megaripples. 
The beach ed1m?nts cin.ist of fine to very fine sands with N-type 
distribution curves. 	it-clay fraction Is always less than one per 
cent. :iere, three types of laminations are found. The backshore laminae 
have by lanuward dips while the UI per foreshore laminae have lo seaward 
dips. both types of laminations are characterised by well sorted sands 
with well-ueveloped heavy-mineral laminae. ttippled laminae are frequent. 
The lover I or'esi-iore sediments have coarser sands than the other two and 
Irregular laminae have high values of seaward dips. I this zone of the 
beach the heavy mineral laminae are not 6o well developed as In the otr 
two zones. 
There is a maximum development of current-formed minor and major 
structures ih the beach sanus. The beach sediments can be distinguished 
from the sediments from other environments by the shapes of the distribut. 
ion curves, oment e sures and scatter plots. 
Coastal dune sediments have an abundance of cross-laminations with 
varying orientations and amounts of dip. The laminae are very thin and 
c nslst of fine to very fine sand with streaks of heavy-minerals. 
Use other side if necessary. 
• 	
'2 
ocrna1ly, tu 	Lfl 	
" 	 1 - c ontent than the 
oth3r sands. Dune ..anus can be distinguishe from the other sancs 
by the shape or distribution curves and moment measure plots. 
Varian ce analysis onu scatter plots show that the moment mesues 
are the best statistical parameters to distinguish between various 
environments. Inman's graphic parameters are of little use in 
detrmining the various environments. Thus a combination of 
distribution curves and moment measures should give the best picture 
of the size-frequency distribution 01 sediments. In the open-end curves, 
the moment me ~ , sures are aipro1mate, so in these cases graphic parameters 
can give c ottr .jro: Lrntion o 	izo o1.tL1L:tjOn wit, len: 
computati on. 
Heavy mincaI stLo.125 ao not 	veal any signiican rel a tionship 
betwsen the mineralogies], composition of 	ample and its -rain size 
parameters. Thr3e types of heavy-mineral associations are fauna nnu they 
are all derived from the same mineral province. The source area consists 
of the Moine aria i)alrdian nietamorphics with associated igneous rocks 
together with Old lied oandstone sediments and lavas, aria local carbon- 
iferous sediments. 
